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In this [nodule of the Baste Electricity and Electronics Course, 
'you will study and learn what voltage ts, how It ts generated, 
wlrat AC and DC voltages are and why both kinds are needed, and 
how to measure voltages* 

This [nodule Is divided Into six lessons to help you learn (nore 
easily • These are: 

Lesson !• EMF from Chemical Action 

^Lesson !!• Magnetism. • . v • 

Lesson 1 1 1 * Electromagnetic Induction 

Lesson IV* AC Voltage . . 

Lesson V* The Uses of AC and DC 

Lesson VI • Measuring Voltage 

Don't let any of the above new Words bother you; they will be 
explained as you come to them in each lesson* If you find the 
explanations In the lessons are not clear to you, feel free to 
ask questions* Now turn the page and begin Lesson U 
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EMF From Chemical Action 



Study Booklet 



Overview 
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OVERVrEW 
• LE^SOff t 
EMF From*&hemicat Action 



p In addition to the Module Overview, as you start each lesson, you 
will find a lesson overview such as this page. It Is merely an out^line 
of what you will study and learn to do In each lesson* In this lesson 
you will study- ai)d learn about the following: 

-force and current 
-EMF 

-vol tage 
-sources of EMF 

Each of the above tofflcs wilt be discussed In the order listed. As 
you proceed through thIs'Vesson, observe and follow directions 
careful ly* ^ ^ 

BEFORE YOU START THIS LESSON, PREVUW THE LIST OF STUDY RESOURCES ' 
ON THE I^EXT PAGE. 



/ 
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Study Resources , 



LIST OF SJJODY RESOURCES 
LESSOliK'l 
EMF From Chemioal Action 



To learn the matertat tn fhts tesson, you have the option of choosing, 
according to your experience and your preferences, any or alt of the 
following: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIALS: 

NAVPERS 93400A-1A "Basic Electricity,^ Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C ; U.S. Government Printing Office, 1965, 



Remember, you may study any or all of these that you feel are 
necessary to answer all Progress Check questions correctly. Do 
not forget that In one sense of the word your Instructor Is a /-^^ 
Viving resource, perhaps the best. Call him if you have any kind 
of a problem. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON 1/ 

EHF From Chemical Action 

Force and Current 

As you learned in Module One, increasing the force applied to 
the electrons in a wire causes current flow to increase. From 
this, you may have concluded that you can change current flow 
by phanglng the amount of force applied within the circuit; If 
so, you were entirely correct; adding more cells In series in 
a circuit Increases the applied force and causes more current to 
flow* 

EHF 

The force which moves electrons through the circuit Is called 
EHF > EHF is an abbreviation of e^lectromotlve _force, which means 
literally the for^ce which moves electrons. Another name you see 
and hear frequently Is vol tage > Voltage, while sometimes 
abbreviated ^, and while also associated with force, actually 
has a somewhat different meaning than EMF . The basic unit of 
measurement of EHF is force; however, the unit of voltage is ^ 
vol ts > 

.The values of voltage which you may have to use or measure cover 
a large range, and the basic unit is very often combined with the 
metric prefixes micro- , mill!- , kl lo-* , and mega-* , so that very ' 
small or very large values can be more easily expressed* you 
vilW rgcal 1 that micro- and ml 1 1 i- were discussed Id Module One 
as lO" and 10"^» The prefix kilo- means 1,000 (10^) and mega- 
means 1,000,000 (10 )• In other words, 1/1,000 of a volt is* 
I millivolt, 1/1,000,000 of a volt Is 1 microvolt, and 1,000 
volts make 1 kllovolt. you can abbreviate these units the 
same way current values are abbreviated* The letter v^ (upper 
or lower case) Is used to mean volts; 1,000,000 volts is written 
I Hv > The abbreviation for mega- is the capital letter H^ and 
f o r kilo- It Is k^ (upper or lower case) • The following table 
may help to clarify these values* 



Prefix 


— »- 

Abbreviation 


Numerical 
Equivalent 


Power 
of Ten 


micro** 




1 

1 ,000,000 


io-» 


ml I i i - ^ 




1 

1,000 


10-3 


kilo- 


K or k 


1,000 




mega- 


M 


1,000,000 


>0* 
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Write the foHowtng voltages tn thetr most convenient 
abbreviated form* 

a. Thirty thousand volts ^ 

b- four-thousandths of a volt 

c- — M-f teeti ml 1 1 Ion vol ts 

d. twenty-ml 1 1 lonths of a volt 



Answers: a, 30 kv or 30 KV; b> ^v; c. 15 Mv; d, 20 yv 



Sources 

The, EMF In the circuit supplies the force to Jake the electrons 
do work. Whatever provides electrical force Is called a source . 
So far, you have used two kinds of sources- ^ The dry cell you used 
In your simple circuit was the source of energy that made the 
lamp glow. 

On the other hand, the source for your power supply is miles away 

and the energy travels through miles of wl^re to reach your power 

supply- While We know where the 'source for the electrical energy 

Is located In each case and that it causes electrons to do work 

for us, we still don't know why there Is an EMF at the cell 

connections or at the outte*. on the walK 
«* 

The Dry Cell as a Source 

-t + ■ ■* * 

First, let*s study the dry celK The chemical action Inside 

the dry cell produces the EMF within a cell,. In this case 

chemical energy ts converted Into electrical energy* Her§, as 

tn all other tnstances, the Law of Conservation of Energy Is 

true. In other words, we can't get something for nothing; we 

only convert energy from\one form Into another- 

To help yoii'better understand how this conversion takes place, 
study the Illustrated construction of a dry cell on the next 
page- Observe that this ceil is basically a metal can filled 
withr a chemical mixture In the form of a paste and has a rod 
extending Into the paste In the center of the can* 



Narrative Two*) 

* 

Positive 




One connection of the dry cell (the negative terminal) Is attached 
to the can or outer case and the other (positive termlrial) Is con- 
nected to the center rod* The rod and the case are of different 
materials* They react with the chemicals In ,the paste Sio that 
electrons are pulled from the center post and pushed to the outside 
case. O'his action occurs until the charges on the eel 1 's terminals 
balance the chemical forces within the paste. When this condition 
exists, there ^Is a constant difference of potential or vpltage 
between the casfc and center rod. Observe that within a cell 
electrons move from positive to negative - the reyerse of what Is 
true In a clrgult; 
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If you connect wires and a lamp to the cell terminals, you 
provide a continuous path (circuit) for the electrons to move 
through* The electrons (nove frcHn the negative case through the 
circuit to the positive rod In the dry cetK The chemical action 
moves more electrons frcHn the center post to the case and we 
have a continuous current flow* 

You know, of course, that a cell will eventually wear out and have 
to be replaced just as In a flashlight or a radio* The chemicals 
eventually change In form, little current flows, and the cell must 
be replaced* There are other kinds of cells that can be recharged 
by reversing the movement of electrons through them; this action 
restores the original chemical state* This Is done by connecting 
the worn-out or discharged cell to another source* 

An automobile battery Is an example of this kind of cell* (Tech* 
nicatly, a battery Is a number of cells connected together*) Most 
automobile batteries today are made up of six cells connected In 
series, the negative terminal of one connected to the positive 
terminal of the next, like this: 




Connecting Cells In Series 

We will learn several ways that cells can be connected, and how 
the kind of connection affects the source voltage* We will also 
learn to recognize these connections symbolized schematically* 

Cells connected In series are wired together so tiiat the positive' 
terminal of one cell Is connected to the negative terminal of 

another cell* This pictorial Illus- 
tration shows three t-l/2-volt cells 
connected In series, with wires join- 
ing + to - or - to When cells are 
connected in series, their Individual 
voltages are additive; thus, we can 
obtain a greater voltage from the three 
cells above than we can from just one* In this case, the output 
^ voltage will be about 4-1/2 volts* 

ES1£ . IS 




ILSV 



1.5V 



ILSv 
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The total voltage supplied by cells Iri series is equal to the 
sum of all the cells' voltages* An example Is the kind of cell 
used In most auto batteries; each cell has an output of 2 volts* 
Several years ago» cars used a g-^volt electrical system^ so three 
^tells were connected In series to get the required voltage* Modern 
cars use a 12-volt system^ and six cells are joined In series to 
provide the proper voltage for these cars* 

When cells are connected In series^ they are represented schematic- 
ally In this way: 





Observe the synibol here shows three cells 

with positive terminals connected to 

negative terminals^ one right after the 
other* 



Connecting Cells In Parallel 

Cells connected In parallel are wired so that like terminals are 
joined - positive to positive, negative to negative* 

HereJs a pictorial illustration 
of three cells wired In parallel* 



I 



t*5v 




t*5v 



When similar cells are wired In parallel, the output voltage of 
aFl the ceMs combined Is no greater than the voltage of, any 
single cell* In this case, with thre.e 1-1/2-yol t cells connected 
In parallel, the output voltage Is sti 11 \1- (/2' vol ts * Each of 
the cells contributes to the total 1-1/2 volts, and they tend to 
share the work toad* This serves to prolong the Jife of the cells* 

Parallel connection of cells is often used aboard submarines, 
where battery power is vital to all ship's operations, and It 
is desirable to prolong the life df the batteries* 

When three cells are connected In parallel, the schematic repre- 
sentation Is as shown: 




You can see by the symbols that posi- 
tive terminals are connected together 
and negative terminals are connected 
together* 



le 
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A third c^ll connection Is called series opposition ^ or series 
opposing ^ When cells are connected In this manner, they are 
connected In series * one right after another; Hbwever, tike 
terminals are connected together as shown here: 



. 1 






+ - 




- + 




I.Sv 




I.Sv 





We have seen the utility of cells connected In series, aiding 
each other- if we Incorrectly connect cells In series with 
wires going between like terminals (positive to positive, and 
negative to negative), as shown In the schematic, 

±^ © 

T__J 

there Is no net voltage across the load, and no current flows. 
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What would the voltage applied to the lamp be 
for each of these schematics? 




Your answers should be: 

1. 1.5v (parallel connection) 

2. Ov (series opposition tonnectlon) 
3* 4.5v (series connecticm)' 

AT THIS POINT, YOU KAY TAKE.THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 



18 
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PROGRAMMED INSTRUCTION 
LESSON I 

Voltage 



TEST FRAMES ARE 15. 28 and 37. AS BEFORE, GO FIRST TO TEST FRAME 
]5 AND SEE IF YOU CAN ANSWER ALL'THE QUESTIONS TH£RE. FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME* 



K Reca]] that current ts caused by the application of an outside 
force* This force Is called EMF ^ and the EMF leads to an 
associated voltage. 

Current flow Is caused by . * 



(EMF) 



EMF Is the force which tends to move electrons. The component 
which provides this force Is called a source * A source Is defined 
as a device which Is capable of producing and supplying electrical 
energy to some type of etectrfcal apparatus* Such sources are 
sometimes called voltage sources ; however^ you should be aware that 
voltage Is not the same as EMF* 

Which are examples of voltage sources? 

a* ammeter 

bt dry eel 1 

c* lamp 

d* power supply 



(b> dry cell; d, power supplyT 



3# The lettered arrow that points to the voltage source Is; 



• — ^ 
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4. In a dry cell, the materials contained In the cell react chemi- 
cally to produce a voltage. In other words, chemical ^energy Is 
converted Into electrical energy.. 

Which statement Ts true? 

a. A voltage Is generated by the chemical energy released 

as a result of mechanical work on the cell, 

b. As a resull: of chemical action, the cell Is capable of 

del iverlng electrical energy. 

c. The dry cell Is a voltage source because It supplies 

chemical energy to an external device. 



(b) As a result of c^tj^nical action, the cell is capable of 
delivering electrical energy. . 

5^ The most, common type of*^dry cell consists of three bas*H parts: 
a zinc can, a chemical mixture In the form of a wet paste, and a 
center rod or electrojd^e which extends Into the paste. 

Match the letters to the terms. fh 



1 . rod 

2. zinc 

3. paste 



r 




H-c; 2-a; 3^ 



r 
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6* In a dry cell the rod will probably be made of carbon* 

Check the lettered arrow that points to the carbon electrode* 




4-— " 



7» The proper name for the zinc container is the zinc electrode * 
Check the lettered arrow that points to the zinc electrode* 



Tb7 



• r 
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8. The chemical mixture or paste^cked Inside the zinc container 
(zinc electrode) Is caTlecMEne electrolyte . 

Check the lettered arrow which points to the electrolyte. 




9. Match the following: 



1 . can 

2. rod 

3. wet paste 



a. carbon electrode 

b. electrolyte 

c. zinc electrode 



tl-c; 2-a; 3^ 



10. Label ^the basic parts of the cell according to their proper name. 



a. 



b. 



c. 



4 



____ ^ a a a a a a ******* * 



(a. zirtc electrode; b. electrolyte; c. carbon electrode) 
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11. Binding posts or terminals are attached to the electrodes so that 
wires may be easily connected to the cell. The carbon electrode 
serves as the positive terminal of the cell and the ztnc electrode 
Serves as the negative terminal. 



Match the letters to the terms. 
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positive terminal 
negative terminal 




(1-b; 2-a) 



12; The chemical reaction of the carbon and ztnc electodes with the 
paste electrolyte causes an elecfromottve force (EMF) to be pro- 
duced. This fdrce separates electrons from atoms within the 
source .nd moves the electrons to the negative case. This 
causes a positive charge to accumulate on the carbon electrode 
and a negative <iharge on the ztnc^ electrode- 

Which illustrail6n 'shows the result of the chemical reaction 
between the electrodes and the electrolyte? 



a. 




b. 





(a) 

O 17 
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13» When one point (zinc electrode) is more negative than another 
point (carbon electrode)^ a difference of potential Is said to 
exist between the two points. A cell then Is capable qf supply- " 
Ing electrical energy to an external device. In other words^ the 
EMF. within a cell causes an electrical potent lal dl fference , 
which can cause electrons to (nove outside the source and do 
work. 

f ' ' ' ' 
Which of the following lettered/arrows shows a difference of 
, potential due to chemical action? ' ^ 




Tby 



14. Although EMF and potential difference are often used Inter- 
changeably^ remember they are different In that EMF caused the 
separation of charges and the movement of electrons within iKe 
source^ thus leading to the potential difference;^ potential 
difference or voltage Is the force existing between the separate^ 
charges. . ^ ' 

^ Is voltage the same as EMF: . 



tNote: If you answered no; but are not completely sure of the 
difference^ review frames 1-1^.) 
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15* Hatch tKe following* 

1* also called voltage 

2» chemically produced by the 

separation and movement of 
charges, and related to work. 

3. a force which tends to move 

electrons within a source 



a* "electromotive force 
b* potential difference 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT flfGE.) ^ 



1 ■ 
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ANSWERS - T£ST FRAME 15 

1 . b-potcntlal difference 
2* b-potenttal difference 
3* a-electromotlve force 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO 
ON TO TEST FRAME 22. OTHERWISE, GO BACK TO FRAME 1 AND 
TAKE THE PROGRAMMED :;EQUENCE BEFORE TAKING TEST FRAME 15 
AGAIN. 

_ 16. As seen, difference of potential ts also referred to as voltage . > 
Although EMF, potential difference, and voltage are often used 
Interchangeably, rein<»inber that they are actually slightly dif- 
ferent tn meaning. EMF^ Is a The potential dif- 
ference which is produced Is actually the difference In voltage 
between the two source points. Note, we can speak of the volt- 
age that exists at any point, as long as we agr^ee on a reference 
standard. This reference point Is always assigned a voltage 
of ^ero. 



(force) 



4 • 26 



O 20 

ERIC 



p.t. 



Two- 1 



17* When an ejfternal circuit Is connected to the source, a path for 
"^current flow Is prodded* The excess electrons at the negative 
electrode move through the circuit to the, positive electrode 
which Is deficient In electrons* ^ 

Which Illustration shows what occurs when an external circuit Is 
connected to* the source? 

a* b* 







f 
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18/ Check the statements that are true* 

a* Current flow outside the source Is from positive to negative* 

b* Current flow Inside the source Is from positive to negative* 

c* Current flow outside the source ts from negative to positive* 

d* Current flow Inside the source Is from negative to positive* 



(b* Current flow Inside the source Is from positive to negative; 
c* Current flow outside the source Is from negative to positive*) 
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19, The major drawback of a dry cell ts that It ever/tually loses Its 
ability to prpduce a potential difference* This occurs because 
of chemical changes within the cell; remalnln9 chemical energy 
Is no longer converted Into electrical energy* 

Which Is true? . _ 

* * * 

a* A dry cell can produce voltage Indefinitely and does 
not have to be replaced* 

b* A dry cell can produce voltage only as long as the 

chemical reaction within the cellcontlnues* 



{b) A dry cell can produce voltage only as long as the chemical 
reaction within the cell continues* 

NOTE: There are other kinds of cells such as lead-acid cells^ 
which can be recharged b^ reversing the movement of electrons 
through them^ rebuilding mt^terials In the celK This Is done 
by connecting the cell to another source* An automobi le bat- 
tery Is an example of ^Is kind of celK 

20* Since dry celts have a limited voltage output^ there must be 
some method of obtaining more voltage than that available from 
one cell * by connecting the negative terminal of one cell 
to the positive terminal of another celt until the desired 
voltage Is obtained* This type of cell connection Is called 
series aiding* 

Which diagram shows a series aiding connection? 



a* 



b. 



ERIC 
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2K Voltage within a circuit can be Increased by adding cells con- 
nected In * 



Uerles aiding) 



22* A series aiding connection Is obtained by: 

* a> connecting the negative terminal oiF one cell to the 

positive terminal of another celK 
b> connecting the negative terminal of one cell to the 

negative terminal of another celK 
c> connecting the positive terminal of one cell to the 

positive terminal of another celK 



la) connecting the negetWe terminal of one cell to the 
positive terminal of another cell 

23* Which schematic diagram shows the correct series aiding 
connection of five cells? 

_a. -|i-|HHH'- 

l~| l~| H |~| |~ 



(a) 

24. One cell or a combination of cells connected together to provide a 
voltage greater than an Individual cell Is called a battery. 

Which Is the schematic symbol for a battery? 

a- -||||||- 
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25* The unit of measure for voltage or* potential difference Is the 
vol t (abbreviated either or v) * When cells are connected In 
sierles aiding the total voltage Is equal to the sum of the volt- 
ages of the Individual cells* 

What Is the maximum voltage that can be obtained from the Illus- 
tration below? 



1*S 



1.S 



1.S 




volts 



(6 volts) 

26* There ts another type of series cell connection called series 
opposing* You must be familiar with series opposing connections 
although you will rarely see cells deliberately connected In 
this way* The purpose for learning this concept of cell connections'^ 
Is to prevent confusion when In later modules you deal with 
voltages that oppose each other* 

A series opposing connection Is obtained by connecting the neg- 
ative terminal of one cell to the negative terminal of . another 
cell* 

Which schematic diagram shows the correct series opposing 
connection of five cells? 



a* 
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27* When a cell Is connected series opposing, Its voltage Is 

Subtracted from the sum of alt voltages connected series aiding 
to obtain the total voltage available from the combination* 



Example: 




You will note that two of the cells are connected series aiding 
and one Is connected opposing the two; therefore, the two in 
Series aiding provide 3 v opposing the 1*5 v of the one celK 
Total voltage Is 3 v - K5 v or K5 v* 

What Is the total voltage of the Illustration below? 




volts 



(zfero volts) 
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28, Draw a schematic connecting six K5v cells to obtain maximum 
voltage* Label the polarity of each cell also* 



What Is the output voltage froin cells connected as In the sche- 
matic you have drawn? 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 28 



9 volts 



-•IhIhIhIhI-I- 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU HAY GO 
ON TO TEST FRAHE 37* OTHERWISE, GO BACK TO FRAHE 16 AND 
TAKE THE PRQGRAHHEO SEQUENCE BEFORE TAKING TEST FRAHE 28 
AGAIN> 



^9* Another type of c^lt connection Is the parallel connection* Cells 
connected In parallel are wired so that like terminals ^re Joined 
positive to positive, negative to negative* 

Which scheoiatic diagram below shows the cn^rrect parallel connection 
of three cells? ^ 

r-@- 



a* 



30* When similar cells are wired In parallel, the output voltage of 
all the cells combined Is.no greater than the voltage of ^ny 
single eel 1 * ' , 



What Is the output voltage of the cells below? 



tl.Sv) 

NOTE: This type of connection serves to prolong the life of the cells 
because they share the work load. It t$ often used aboard 
submarines, where battery power Is vital to all ships operations. 
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3r. You Wtlt^ recall from Module One that the greater tha force 
applied the greater the current. 

In which circuit would a greater current flow? 





Hl|l|l|h 

4) 




32. You have learned the abbreviations for electromotive force (EMF) 
and volts (v) . Another abbreviation Is E> which Is used for 
voltage. ( Note : It unfortunately Is not the abbreviation for» 
or the same as^ EMF.) 

Write the following sentences as mathematical equations using 
letter abbreviations. 

The electromotive force Is 9 volts. 



The circuit has an applied voltage of bO volts. 
The voltage In the circuit Is equal to 6 volts. 



(EMF " 9 v; E 60 v; .E « 6v) 



33. Match the abbreviations to th^ appropriate terms 

I . vol tage a. v 

2, electromotive force b. E 

3. volt c. . EMF 



(1. b-E; 2. c-EMF; 3> a^vf 
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3'». Large values of voltage may be expressed as kilovol ts > One 

kllovolt represents 1000 volts and is symbolized by the letters 
KV or kv. 

50 kv represents v» 

3000 V represents kv» 

kv represents v» 



(50,000 v; 3 kv; ^>500 v) 

35» Small values of voltage may be expressed as mil I r vol ts or micro- 
vol ts > 

One mi 1 1 ivol t represents 1/1000 of 1 volt or 1 x 10 ^ volts and 
Is sytTibolized by the letters mv> 

One microvolt represents 1/1»000»000 of 1 vol t or 1 x 10 ^ volts 
ajid is symbol tzed by the letters mv >. 

mv; - MV 



0*0015 V represents 




mv; 


yv 


0*000005 V represents 




' mv; 


MV 










(2.5 mv; 2500 pv - K5 mv 


; 1500 


MV - 0»005 mv; 5 mv) 




36. Match the following. 








1 . 25 kv 


a. 


25 volts 




2. 5 MV 


b. 


0.025 volts 




3. 0.005 V 


c. 


25 kilovolts 




^t. 25 mv . 


d. 


5 ml 1 1 ivol ts 




5. 25 V 


e* 


5 microvol ts 




6. 0.005 n>v • 








7. 25,000 V 








(1-c; 2-e; 3-d; Vb; 5-a; 


6*e; 


7-c) 
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37* Hatch the term to Its correct definition or description* 

voltage source 
b* potential dlffere>ice 



I* when one point is more negative 
than another point 



2» also called voltage 

3» force which ijoves electrons 

Inside the source ' 

4» unit <>f measure for voltage 

5» capable of producing and 

supplying electrical epergy 
to some type of electrical 
apparatus 

6» two or mare eel Is joined 

from the negative terminal 
of one to the positive 
terminal of another 



c* series connection 
d. volt 
e» EMF 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN OH THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 37 



1, 


b - 


potentta'l difference 


2, 


b - 


potential dl fference 


3. 


e - 


EMF 




d - 


volt 


5. 


a - 


voltage source 


6. 


c - 


series connection 



IF ANY OF YOUR ANSWERS ARE INCORRECT > GO BACK TO FRAME -29 
AND TAKE THE PROGRAMMED SEQUENCE, 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER AbL-THE QUESTIONS COR- 
RECTLY, GO ON TO"VhE next LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES- 
TIONS CORRECTLY. 
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SUMMARY 
LESSON I 

EMF From Chemical Action 

As you learned In Module One» a force applied to the electrons In a 
wire causes current to flow. The subject of this lesson is the force 
Ins.lde the eel) which tends to move the electrons Xo one of the cell's, 
terminals* Electromotive Force , abbreviated EMF . Is the technically 
correct name for this force. Voltage , while sometimes abbreviated £ 
and also associated with force^ actually has a somewhat different 
meaning than EMF» 

The basic unit of measurement of EMF is actually force; however, the 
unit of voltage ?s that of work per unit charge or simply volts* Because 
the values of voltage you may use range from very small fractions of 
a volt to very large nunibers of volts, the basic unit Is often used 
with metric prefixes* The most often used prefixes are micro* and 
mi 1 1 1- i which were covered In Module One, and kl lo- (thousand) and 
mega- (million)* The letter (either upper or lower case) stands 
for vol t . and j< (either upper or lower case) means ki lo- , so one 
thousand volts may be written 1 kv * The capital letter ii_ is used for 
mega- , so 1 MV would be read one megavolt* (Don't confuse this v^ith 
the Roman number \M, meaning one thousand *) 

The part of an electric circuit which supplies the EMF Is called a 
source * In the simple circuit of Module One, the source was a dry 
cell; in your, power supply, the source Is the generator at the. pov/er 
plant* The dry ce)l uses chemical action, to develop its EMF; the 
generator converts mechanical action to produce an EMF. Since this 
lesson Is concerned with chemically produced EMF, we will proceed to « 
study the dry eel 1 * 

Within a dry cell, the energy produced by the chemical reaction between 
a paste (electrolyte) and the zfnc shell of the cell separates electrons 
from their atoms and tends to move them to one of the cell terminals* 
This action results In a force between these electrons at the nega* 
tlve terminal and the positive charges left at the other terminal* The 
force of the chemical action leads to a difference o f potential or volt* 
age between the, terminals* When no outside wire connects the terminals 
of the cell, this difference of potential Is a constant value associated 
with the particular cell* 

If a circuit like the one built in Module One is connected to the ter- 
minals of the cell, the force (EMF) between the charges on the cell's 
terminals, as described by Coulomb's Law, will move electrons through 
the circuit* The continuing chemical action will move nore electrons 
to the negative terminal as fast as they move off into the circuit* In 
this way a continuous steady current flows* ^ 

You know, of course, that the chemicals will eventually change in form, 
little current will flow, and the dry cell will have to be replaced* 



Summary 
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Another kind of cell can be recharged by applying to the cell gn outside 
current flfjwlng In the oppo&l te direction* This rev-ersed current re- 
verses theJchemlcal action* Batteries made of cells which can be re- 
charged are called storage batteries* This kind of battery is used in 
an automobile* (Note: a battery Is just a number of cells connected 
together*) 

Cells are connected together Into a battery to provide greater voltage 
than one cell can supply. The output of cells connected in series Is 
equal to the sum of all the cells' voltages*" Since the kind of cell 
used In a car battery puts out 2 volts, six cells are connected In 
series to make a 12-volt battery* 

The schematic diagram for a battery is: ^||^ , showing that the 
cells are joined In series* ' ' 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU 
MAY STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR 
BOTH* IF YOU TAKE THE PROGRESS CHECK AND AMSWER ALL OF THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON* IF NOT. STUDY 
ANOTHER METHOD OF INSTRUCTION UNTIL YOU CAN ANSWER ALL OF THE 
QUESTIONS CORRECTLY* 
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OVERVIEW 
LESSON II 

Magnetism 

In this lesson you will study and learn about the following; 

-magnetic fields 
-rules governing lines of fprce 
-magnetic attraction 
* . ^ ^f lux densi ty 

Each of the above topics wijl be discussed tn the order lifted* 
As you proceed through this lesson^ observe and follow directions 
careful ly- 

BEFORE YOU,START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE- ^ ^ 
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LIST OF STUDY RESOURCES 
LESSON II 

Magnetism 

To learn the material tn this lesson^ you have the dptton of choosing 
according to your experience and your preferences; any or all of the 
fol lowing: , ^ ^ 

STUDY BOOKLET: * . 



rr^tl 



Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMEKT MATERIAL: 

NAVPERS 93^00A-1A "Basic Electricity, Direct Current." 

Fundamentals ectronlcs* Bureau of Naval Personinel* 

WasVii!fl.tefC^D.C. : U*S* Government Printing Off Ice, 1965; 

You may study whatever learning materials you feel are necessary to 
answer the questions In the Lesson Progress Check* All your answers 
must be correct before you can go to Lesson III* Remember, your In- 
structor Is available at all tiAies for any assistance you may need* 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE* YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME* 
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* NARRATIVE 
LESSON II 

Magnetism 

Why Study Magnetism 

Let us now consider In greater detail the source of the voltage 
available at a wall electrical outlet* This potential difference 
Is delivered from a power plant through many miles of wlre^ to 
your work table* At the power plant, huge generators convert - 
p mechanical, energy Into electrical energy through magnetism.^ 
(Remember that a cell converts chemical energy Into electrical 
energy*) 

Generators supply all the electrical needs on board ships also* 
The caring for these generators ^nd the switching systems that 
route their output to all parts of a ship Is the Job of the EM; 
however, personnel of all ratings trained In this course depend 
upon and work with the electricity generated* To understand what 
happens Inside a generator you need to know something about, mag* 
netism because this Is one of the baste factors Involved In 
the conversion of mechanical energy Into electricity* 

No one knows the full details as to what causes magnetism^ but 
we can see how It works and what It does* You have probably seen 
magnets and know that they can pull some things to them* If 
you've played with two magnets^ you know that they sometimes 
attract and sometimes repel eac^h other* 



Magnetic Field 

To explain the things a magnet does» scientists use a concept 
called lines of flux or lines of force * These are Imaginary lines; 
you cannot see them* They represent magnetic force* The lines 
of flux around a magnet make up a pattern called a magnetic field * 
The effects of this force pattern can be shown by placing a sKeet 
of glass on a magnet lying on a flat surface* Iron filings 
sprinkled on the glass will settle In a pattern of lines Just like 
the flux lines* Here Is a drawing of the flux pattern (magnetic 
field) around a bar magnet: 



Narrative 
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The magnetic field around a horeshoe magnet, as Indicated by the 
Iron filings, looks like this: 




Rules Governing Lines of Force 

Lines of flux were devised as a way to explain magnetism. 
Scientists have discovered certain rules that se^m to explain lines 
of flux- 

1. Magnetic lines of force always form cooiplete loops. Part of 
each loop Is always within the material of the magnet. Look 
again at the pattern for a bar magnet: ' 




2. Magnetic lines of force. have polarity. This means they have a 
direction. The ends of the bar magnet are designated 
(or North) and (or South). By definition the lines of 
flux travel through a magnet Internally* from the South 
Pole to the North Pole; and externally always leave the (n) 
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Pole and enter the (S) Pole even though they do not actually 
flow like a stream* We can add arrowheads to the magnetic 
field of a bar magnet to represent this* 




3» Magnetic lines of force repel each-other* This, together 
with Rule 1, that they always form closed loops, means that 
1 Ines of force wl 1 1 never cross. 

4» Magnetic lines of force always try to form the smallest possible 
loop* All the lines of force around a magnet would contract 
right down to the surface of the magnet If they did not 
tend to repel each other* The balance of the two forces (con- 
traction and repulsion) result In the patterns previously 
shown* 

5» Magnetic lines of force pass through any kind of material • 
There no known substance that lines of force cannot enter* 
There are son?e materials that th^wlll enter Into or follow 
much more readily than others, but there are none which will 
block their passage* < j 

6» Magnetic Mnes of force always enter or leave a magnet per- 
pendicular to Its surface* In the case of the bar magnet, 
most of the lines of force enter .and leave the magnet at 
right angles to Its ends, but some still leave at right an- 
gles to each side* 

Magnetic Attraction 



ERIC 



Magnets attract certain objects to them because these objects offer 
an easier path far the lines of force* These objects are magnetic 
materials, and they usually contain Iron, nickel, or cobalt* Some 
of the magnetic lines of force enter these objects rather than air, 
and this distorts the usual magnetic field as shown In the figure 
on the following page* 

40 a:\ 
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The tendency Is for the lines of force to try to contract (Rule 4) 
but still pass through the magnetic substance^ and the substance 
Is pulled to the magnet. Alternatively^ we can think of the lines 
of force converting the magnetic material (here the soft Iron) 
Into another magnet, Let*s see how this works. 

If two bar magnets are placed end to end with two like poles to* 
gether (both N poles or both S poTes)^ the lines of force will 
repel each other and will cause the magnets to try to push apart. 

LIKE POLES REPEL 




However^ ff one of the magnets Is turned so that one N pole and 
one S pole are brought togeth^r^ ^the fields from each magnet Join; 
the lines of force pass through both magnets^ and the magnets are 
drawn together so that their fields reinforce each other, (This 
explains the action of the soft Iron In the earlier figure;. It 
behaves llke^a magnet with Its newly formed S pole close to the 
N pole of the permar^ent bar magnet,) 
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UNLIKE POLES ATTRACT 

Flux Densl ty 

The total strength of the magnetic field Is Indicated by the flux. 
A. strong field has many lines of flux, but a weak field contains 
few tines of ftux. A measure of the magnetic field at any pofnt 
Is the f luX densl ty . Flux density refers to the number of lines 
of force present through any unit of area perpendicular to the 
field. We might'have a square Inch with Just one line of force 
(low flux density) at some distance from a magnet, but near a 
pole (end) « the magnet might have a flux density of tens of 
flux lines crossing one-hundredth of a square Inch* As you can 
see from the pattern of flux lines around' a magnet, the flux 
density Is greatest at the poles of the magnet. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN AdSi/ER^ALL THE^QUESTIONJ' correctly;" 
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PROGRAMHEO INSTRUCTION 
LESSON II 

Magnetism 



TEST FRAMES ARE k] AND ks* AS BEFORE, GO FIRST TO TEST FRAME k] AND 
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE, FOLLOW. THE DIRECTIONS 
GIVEN AFTER THE TEST FRAME. 



K You have learned that one method of producing an EMF is by c|)em- 
Ica] action. 

Producing an EMF by chemical action Is employed in a component 
called a - ' or (Fither order) 



(eel 1 or battery)" 



2« Looking at your power supply you can see that It receives Its 
energy without requiring a cell or battery. This energy Is pro- 
duced far away by converting mechanical energy into electrical 
energy utilizing magnetism* 

The voltage for your power supply Is produced utilizing 



(Magnetism) ~ 

3* For our purposes, magnetism Is the property of some metals to be 
attracted by a nearby magnet* 

If-a metal Is attracted by a magnet, the force of attraction Is 
Indicative of * 



(magnetism) 



All matter can be classified as either , magnetic or nonmagnetic* 
Metals that are strongly attracted by a magnet are classified as 
magnetic. All other matter Is classified as nonmagnetic* 

A wooden pencil Is a form of . material * 



. (nonmagnetic) 

ERIC ^ *3 4g 
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NATURAL 



ARTIFICIAL 



A natural magnet and the so-called artificial magnet are our two 
sources of magnetism* The two sources of magnetism are the 
"magnet and the magnet* (either order) 



(natural - artificial) 



6* Me seldom uso natural magnets today, because vie can produce much 
better and cheaper artificial magnets* All man*made magnets are 
classified as magnets* 



(artlflcIalT 



7* The poles of a magnet are the ends where most of the magnet force 
Is concentrated* If a magnet Is sprinkled with Iron filings^ 
most of the filings will be attracted to and collected at the 
poles* If you sprinkle Iron filings In the area around a magnet, 
you will notice that the filings collect In a definite pattern* 
This pattern Is caused by an Invisible magnetic field, and Its 
associated magnetic force^ that surrounds all magnets* 



The magnetic field concentrates around the end of the magnets 
called 



ERIC 
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8* The lines formed by the magnetic field are called magnetic lines 
of flux (^Iso called lines of force); a definite, measurable 
force exists between these lines and any magnetic material* 

The magnetic force associated with a magnet defines an Invisible 
magnetic that surrounds all magnets* 



(field) 



9» The within the magnetic field are cal led magnetic 

lines of flux* 



(lines) 



10* Magnetic Tines of flux are concentrated at the 
of the magnet* 



apples or ends) 



11* A magnetic field Is general ly .measured in terms of f i.^^. density * 
Flux density Is the ratio of the number of magnetlc"nnes of 
flux, passing through an area perpendicular to the lines of 
force and Is expressed as the number of lines of flux per uni t 
of area (expressed In square Inches or square centimeters)* The 
number of lines of flux In each unit of area is the 



(flux density) 



12* Flux density Is the ratio of the ^of flux to the 

size of the perpendicular area* 



(number of magnetic lines) 



13* The greatest flux density occurs at the of a magnet. 



(poles) 

^0 
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14. Flux density Is the number of magnetic lines of flux tn 
of area. 



(each unit) 
15. Flux density Is 



(the number of lines of magnetic flux In each unrt of area) 

16. The compass that you used as a Boy Scout or camper had a perma- 
nent magnet as^ Its needle. The end of the needle that ts 
attracted to the north pole of the Earth was at^one time called 
the north seeking pole. Today, the word seeking has been 
dropped; tt ts called the north pole of the magnet. 



Any magnet that is suspended, and Is free to turn, wlli align 
itself with the Earth's magneitic field. The end of the magnet 
that points to the north is the pole of the magnet. 





(north) 


V7. The end of the magnet that points to the south ts the 






of the magnet. 






(south pole) 


18. The greatest flux density occurs at the 


of ^ 




the magnet. 






(poles). 
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td. There are six rules for magnetic flux that you should know. 
The first rule Is: 

* Inside a magnet* the direction of the flux lines Is from the 
south pole to th* north pole. 




Inside* the magnet, lines of flux run towards the pole 

and away from the pole. 



(north - south) 



20. Magnetic lines of flux are directional. Outside a magnet, by 
definition magnetic flux lines always leave the north pole and 
always enter the south pole. ^ ^ 

The direction of magnetic lines of flux outside a magnet Is from 
the pole to the pole. 



(north - south) 
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2K Using arrows, Indicate on the foTTov^Ing magnetic field the direc- 
tion of magnetic lines of flux - both Inside and outside the^ 
magnet * 





22* State the rule pertaining to the direction of magnetic flux 
1 1 nes * 



(L!nes of flux travel from north to south outside the magnet 
and from south to north Inside the magnet*) 



23* An electrical circuit forms a complete path for current flo^; a 
magnetic circuit forms a closed loop for each line of flux« 



Thus we have stated the second rule* 
Magnetic lines of flux form 




loops* 



ERLC 
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24. Flux lines are never broken. Their path may be altered by an 

outside force> causing the shape of the magnetic field to change^ 
'but each line of force will remain unbroken, each formlng^a 



(closed loop) 



25. Write true or false before each statement. 

a. Lines of flux form Incornplete loops. 

b. Lines of flux. form closed loops. 

c. Lines of flux follow a straight path. 



(a. false; b. true; c. false) 



26. For the third rule, we find that lines of force polarized In 
the same direction repel each other. This repulsion Is. what 
gives the magnetic field Its expanded, uniform, or symmetrical 
pattern. 

In a magenttc field, the Individual lines of force of the same 
polarization - ^ each other. 



(re_&el) 
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27. Check the 1 Ines-of-f lux rule which correctly Identifies the 
diagrams* 






a* Lines of flux move In haphazard directions, 

b* Hagnetic lines of force cross each other. 

c. Ftux lines polarized the same repel each other. 

d. Flux lines In the same direction attract each other. 



UJ F>ux >ines polarized the same repel each other 

28. The fourth rule of flux lines Is that lines of force tend to' 
.make themselves as short as possible* . 



Select the drawing which most correctly shows the flux lines 
around a magnet. 




P.l. ' ^ Two- I 

29* Write true or false* 

' a* Lines of flux tend to expand* 

b* ^Lines of flux tend to contract* 

c* Lines of flux always travel long distances* 



(a* false; b* true; c* false)" 



30* The fifth rule of flux lines Is that there is no known, substance 
which win stop the lines of force* 

Which of the following could be used to block lines of flux? 



a* soft Iron 

b* cobalt 

c* a copper shield 

d* none of the above 



none of the above 



31* Sifnply stated* magnetic lines of flux will pass through all 
jnatertal* 



Magnetic Itnes of flux will pass 



(through all material) 



32* State the rule about insulation from flux lines* 



tKagnetIc flux lines pass through all material J 



33* The last of the six rules Is that flux lines always enter or 
leave a magnet perpendicular to its surface* 

Lines of flux always or a 

at right angles to Its surface* 



(enter - leave - magnet) 
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34. Check the Itnes-of-flux rule which correctly Identifies the 
..diagram. 




a. 

b. 

c. 



Like poles attract each other. 

Lines of flux always enter and leave the poles 

at right angles* 

Like poles repel each other* 



(b} Lines of flux always enter and leave the poles 
at riflht angles * 



35. We have Just covered Jthe six rules pertaining to magnetic 
flux tines. Let's review them again quickly. 

Magnetic flux lines always form 



(closed loops) 



3^* Lines of flux travel from 
outside a magnet. 



to 



(north 



sou 



37. Similar magnetic lines of force each other. 

repel/attract 
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38. Magnetic lines of force always form the 

loops poss Ible* ^ 





(smallest J 




Magnetic Unes of force pass 




* 








(through all material) 




Magnetic lines of force enter and 


leave a magnet at 
* 










(right angles or perpendicular to 


the surface) 






State the six rules pertaining to 


magnetic flux 1 Ines* 






Magnetic flux lines always: 















2. 



3. 



5. . 



6. 



(this is a test frame, compare your answers with the correct 
answers gjven at the top of the next page.) 
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ANSWERS - TEST FRAME k} * 

K Form closed loops* ^ 

2* Leave the north pole and enter ^the south pole* 

3» Repel each other* 

^» Try to form the smallest possible loop* 
5» Pass through any material* 

6* Enter or leave a magnet perpendicular to Its surface* 
* Answers may be In any order 



P*l* 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS* YOU MAY G6 
ON TO TEST FRAME 45- OTHERWISE, GO BACK TO FRAME 1 AND 
TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 41 
AGAIN* 



42* Before we complete this lesson, let's take up the two laws of 
magnetic poles for magnetism: 

* Like poles repel each other* 

- Unlike poles attract each other* 

Consider two permanent magnets* If you try to put the two north 
poles together, they will each other* 



(repel ) 



43» If the north pole and south pole are placed together, they will 
' each other* 



(attract)" 
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kk. As we satd before^ these are known as the taw of magnetic 
poles for magnet lsm ._ 

a. like poles 



unl Ike .poles 



(a.- like poles repel; b, unlike poles attract) 



45. State the laws of magnetic poles. 



(THIS IS A TEST FRAHE, COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 



/ 
/ 



Go 
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ANSWERS - TEST FRAME ^5 
Ltk* po1«s.j!-«pel » 
unltke po1«$ attract. 



IF YOUR ANSWER IS I NCORRECT, GO BACK TO FRAME 42 AND TAKE 
THE PROGRAMMED SEQUENCE. 



IF YOUR ANSWER 1$ CORRECT, YOU KAY TAKE THE PROGRESS CHECK, 
OR YOU KAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR- 
RECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUOY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER.ALL THE QUESTIONS 
CORRECTLY. 
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SUMMARY 
LESSON It 

Magnetism 

tn the last lesson you studied the generation of an EMF by chemical 
action; now you will take the first step In learning about how genera- 
tors convert mechanical energy Into EMF* Since magnetism Is an essen- 
tial elements In this conversion process, you must know some of Its 
characteristics before you can learn how generators work* 

Lines of f^lux or lines of force are Imaginary lines used to repre- 
sent the very real magnetic field and Its associated force* This 
concept helps us to explain why magnetism acts as It does* A magnet 
Is surrounded by lines of force or lines of flux which can be de* 
tected; the pattern formed Is called a magnetic field * 




The shape pf this field and some of Its effects are explained by six 
basic rules: 

* 

1* Lines of magnetic force always form complete, loops. 

2* Lines of magnetic force are polarized* By agreement, they are 
directed out of the H pole and Into the S pole of a magnet* 

3* Magnetic lines of force polarized In the same dl rectlon tend to 
repel each other* 

4* Magnetic flux lines always try to form the smallest possible loop* 

5* Magnetic lines of flux occur In any material* there Is no known 
Insulator against them* 

6* Magnetic lines of flux always enter or leave a r^gnet at right 
angles close to Its surface* 

Magnets attract certain materials to them* Examples of these magnetic 
materials are Iron, nickel, and cobalt* Most magnetic materials contain 
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one or more of these three elements. 

Two magnets will also attract each other If they are placed near each 
other with opposite (N and S) poles close together^ but they wMI repel 
each other If one of them Is turned around (N ^nd N or S and S)* The 
law which states this effect is similar to that Indicated by Coulomb's 
^Law« It Is called the law of magnetic poles and Is stated as; Like 
poles repel; unlike poles attract* 

The amount of force (attraction or repulsion) a magnet can exert 
depends on the strength of Its magnetic field. The strength of the 
magnetic field at an y point Is Indicated by the flux densi ty > Flux 
density Is the number of lines of force per unit area perpendicular 
to the fields and will vary with the distance from a magnetic' pole. 
Flux density for any magnet Is always greatest at Its po1es» and de- 
creases as distance from the poles Increases^ again In a manner similar 
to that described by Coulomb's Law for charges. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK* OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS' CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD 
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON Ml 
Electromagnetic Induction 

^ In this lesson you will study and learn about the followingi 

-left-hand rule for generators 
-magnetic mechanical generation 

Each of the above topics will be discussed In the order listed* 
As you proceed through this lesson^ observe and follow directions 
careful ly» 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 

LESSON Ml 
Electromagnetic tndtictlon 

To learn the material in this lessoni^^^yop have the option of choosing, 
according to your experience and preferences, any or all .of the follow! 

STUDY BOOKLET: 

Lesson Narrat Ive 
Programmed Instruction 
Lesson Summary - " 

ENRICHMENT ^TERIAL: 

NAVPERS 93400A-1a ''Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel* 
Washington, D.C.; U.S, Government Printing Office, 1965* 

AUDIO-VISUAL: 

Sound/slide - "Electromagnetic Induction" 

Remember, you may study any or all of these that you feel ^e necessary 
to answer all Progress Check questions correctly* Do ^not forget that 
In one sense of the word your Instructor Is a living resource; perhaps 
the best. Call htm tf you have any kind of a problecn. 

YOU MAY NOW StUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME, 
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NARRATIVE 
LESSON IM^ 



' E 1 e^>r6fhagnet 1 c Induction 




t 



Electromagnetic Induction Is the action that causes electron displace* 
ment In a conductor when the conductor moves relative to a magnetic 
field so that It cuts through lines of force. In other words, If a 
piece of wire Is moved In a magnetic fields as shown below^ the motion 
of the lines of flux past the electrons In the wlre^tends to push the 
electrons toward one end of the wire. This places a greater number 
of electrons at one end the wire than the other. The concentration 
of electrons tend$ to form a negative charge at one end of the wire 
and leaves the other end with too few electrons (or positively charged). 



' Relative Motion 

We use the term relative motion to Indicate that motion Is taking 
place between the conductor and the lines of flux In such a manner 
that fluxOlnes are being cut. The conductor may be stationary 
and the field moving or the field may be stationary and the con- 
ductor moving. Both the conductor and field may be tn motion. In 
any of these cases motion occurs relative to either the field or 
the conductor which results In flux lines being cut. ^For 
electromagnetic Induction to take place, relative motion must be 
present. 



The Left-Hand Rule 

This concentration of charges voltage Is an Induced -EMF, and 
Its polarity may be .determined by using the thumbs Index finger, 
and middle ftnger of your left hand as follows: * 

I. Hold your thumb so that ft points In the same direction the 



CONDUCTOR k 
MOTION 




ILICTKON 
nSPlACEMINT 



conductor is moving. 
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2. Point your Index finger (forefinger) In the direction of the 
flux lines, from N pole to S pQle of the magnet. Your hand 
should now. look like a play gun. 



3. Now^ keeping your thumb and forefinger In this position^ point 
your middle finger straight out from the palm of your hand^ as 
shown below, and It wlU point In the direction of the electron 
movein^nt In th^wire. 



Yqu may have to turn you hand around^ sometimes Into some very 
awkward positions, to get It lined up properly with the movemefrt 
of the wire and the direction of the magnetic fleld^ 



Magnetic-Mechanical Generation 

The generators (alternators) In large power plants, aboard ship, 
and in your car change' mechanical energy Into electrical energy 
through electromagnetic Induction. Generators must supply the 
* huge amounts of energy ne^eded to run a modern city or ship. 

The amount of EMF generated varies according to the following 



/ 






factors; 



68 



Narrative Two'^l 1 1 

1, "The strength of the magentic field, A weak magnet will produce 
few ftux lines; a strong magnet* many flux lines, ^ 




One flujf line pushing one electron as It contacts the electron 
always produces the same amount of force* so If more lines of 
flux are present to push more electrons* a greater total force 
wMt be developed, 

2* Tl^e speed of relative motion between the flux lines and the 
conductor. This Js closely related to the first factor; the 
faster the motion* the greater the number of flux tines 
pushing electrons In a given time* and the greater the EMF 
produced In that diven time, 

3* The length of wire In the magnetic field, A longer wire In 
the magnetic field will cause more electrons to be pushed by 
the lines of force* and more EMF will result. In most gen* 
erators* wire Js formed into colls or loops. This coil con- 
tains many turns* thereby allowing a long wire to be 
placed tn a sriiaM space In a generator. 

The magnetic field is concentrated In this small space* thus 
producing a strong electrical output If the coll Is rapidly 
moved. 



AT THIS POINT* YOU MAY TAKE THE PROGRESS CHECK* OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED.. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY* GO TO THE NEXT LESSON- IF NOT* 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON III 



Electromagnet fc Induction 



TEST FRAMES ARE 17, 22 AND 26. AS BEFORE, GO FIRST TO TEST FRAME 17 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC- 
TIONS GIVEN AFTER THE TEST FRAME. 



1. Oeftnttlon of electromagnet' '^^duction: Electromagnetic Induc- 
tion Is the action which cai. electron displacement In a con- 
ductor when the conductor move;^ relative to a magnetic field and 
cuts through tines of force. 



An EMF Is produced by moving a conductor through a 




^magnetic fieid) 



2, State the definition of electromagnetic Induction. 



(The action which causes electron displacement In a conductor 
when It moves relative to a magnetic field and cuts through 
lines of force.) 



4 
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MOTION 



A 




N 




> 






X y — * 


S 




1 


— 'XX * 




A 



N 



Figures "A" and "B" show a conductor cutting lines of a magne 
field. The end view of the conductor (n part B shows the con 
ductor moving at right angles to the magnetic field. 

Is there an Induced EHF In the moving conductor? 



tic \ 



MOTION 









N 








— — ' 










N 


-■ * 


S 






♦ 

» 





Now the conductor ts moving parallel to the Knes of force. 
The conductor does not cut Knes of force* 

(s there an Induced EHF tn the conductor? 



(no) 

0 
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N 



Again the conductor ts cutting the lines of force at a rfght 
angle* This time the conductor is moving * 

- down/up 



(down) 

6* ts there an Induced EHF tn the moving conductor In frame 5? 

(yes) 



7. 





: ^ 




N 


> 


s 


— 0^ — * 




^-^ 

» 





Now the conductor ts moving parallel to the lines of force. 
Does the conductor cut IJnes of force? 

(no) 

8* Is there a voltage Induced In the conductor In frame 7? 

(no) 
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N 



The ftg:re shows four positions of the conductor in a magnetic 
field. The conductors are moving as shown hy the arrows. 

a. In which position or positions Is an EMF Induced In the 
conductor?^ . - 

b. In which position or positions Fs no EMF Induced In the 
conduc tor? 

c. The only time a voltage ts Induced In a conductor ts when 
the conductor Is: 

1. moving parallel to the lines of force* 

2. cutting the lines of force. 



(a. 1 and 3; b. 2 and^4; c. 2>) 



■\ : 
\ 
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X 

The direction of electron movement is found by using the left-hand 
rule for generators ^ 

Here's how you use the rule* Place the thumbs first and middle 
fingers of the left hand all at right angles to each other as In 
Figure A* 

a* The thumb points In the direction In which the conductor Is 
mov t ng • 

h* The first finger points In the direction of the flux lines* 

c* The middle finger points In the direction of electron movement* 

By using the left-hand rule for generators, determine whether the 
direction of electron movement In Figure B above Is toward X or Y* 



ITT 




a* The conductor In Figure A Is cutting lines of force at a 
right angle* 

b* The conductor In Figure B Is moving parallel to the tines of 
force* 

Which conductor will have an Induced EMF? 



w 
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12. Using the left-hand rule for generators, determtne whether the 
direction of electron movement In Figure A Frame #11 Is towards 
X or Y. 




The conductor tn Figure A above ts moving down through the mag- 
netic field* The polarity of the Induced voltage at point Y Is 
positive* 



In Figure B above/ the conductor Is moving up. Vifhat Is the 
polarity of the Induced voltage at point Y with respect to point X? 

a • pos I t I ve 

b» negative 



Kb) negative 

\k. What Is the direction of electron movement In Figure B ^ove? 
Toward; 

a. X 

b. Y 



no 
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The tliustratton shows four positions of the conductor* A volt- / 
age Is Induced tn the conductor when the cond>Jctor Is moving as 
In 1 and 3* " * 

How do the polarities of Induced voltage In Positions 1 and 3 
compare? 

a> same 
b * oppos I te 



jb) opposite 




The Illustrations show that when the conductor changes Its direc- 
tion through the magnetic field, the the Induced 

voltage changes* 



tpolarltvT 
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17. What ts the direction of electron movement In this figure? 



N 


/ / * 


$ 



















motion 



a* Toward Y 
b* Toward X 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 1? 
a* Toward X 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO 
TEST FRAME 22. OTHERWISE. GO BACK TO FRAME 1 AN [> TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN. 




The illustration shows the conductor formed into a loop or coM. 
When the black side is moving up, the wh[ te side is moving 



(down) 

19. The voltage induced in the black side the voltage 

aids/opposes 

Induced in the white side. 



(aids) 
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In Figure A above^ point D Is positive with respect to point C. 



a. In Figure point D Is 

b. In Figure point .A Is 

c. In Figure point A Is 



with respect to point C. 
with respect to point B. 
with respect to point B. 



(a> negative; b> negative; c> positive) 



21. 



N 





The Illustration above shows the two sides of the coM moving 
parallel to the lines of force. 

When the coH Is In* this position^ there Is voltage 

zero/ some 

Induced In the two sides of the coll because the sides 

cutting lines of force* are/are not' 



(zero * are notj 
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The figure above shows four positions of the cotK 

K In which position or positions Is there no Induced 
voltage? 

2. The polarity of the white side of the cotl at the end 

nearest you In A Is positive with respect to the 
opposite end* ^at Is Its polarity with respect to the 
opposite end tn 

^ 3* What Is the pola7lty of the black side of the col 1 at the 

end nearest you with respect to the opposite end In C? 

4» The coll makes one complete rotation* How many times 

does the Induced vol tage change polarity? 



. (THIS 1$ A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
^ ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 22 

1. B and D 

2. negative , 

3. positive 
k. 2 times 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, /OLl MAY GO ON 
TO TEST FRAME 26. OTHERWISE, GO BACK TO FRAME 18 AND TAKE 
THE PROGRAMMED SEiftUENCE BEFORE TAKING TEST FRAME 22 AGAIN., 



23. 



N 



N 



One factor affecting the magnttude^f EHF produced Is the strength 
of the magnetic field* Since a flux line reacting with an e1ectr,6n 
causes the electron to be displaced^ It stands to reason that more 
flux lines cutting a conductor will displace more electrons and pro 
duce a higher EMF» 

The above Illustrations show the relative strength of two inagnets* 
Which Illustration will produce the greater amount of EHF? , 



si 
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i> 

2k. Another factor affecting EMF Is the speed of relative motion ^ 

between the flux lines and conductor* The faster the motion^ 
the greater the number of flux lines cut per unit of time* ^nd 
the greater the EHF produced In that given time* , ^ 



A B 




Time required for conductor Time required for conductor 

to move through the field Is to move through the field Is 

5 Seconds* 1 second* 

Study the Illustrations above* In which case (A or B) will 
the EMF produced be the largest? 



25* The last factor affecting EMF Is the length of the conductor 
within the magnetic field* Increasing the length of the con- 
ductor within the field Is done by making the coll out of a piece 
of wire as 1 1 lustrated below* 



A i 




Which Illustration wHI cause more electrons to be pushed by 
the lines of force and result In a greater EMF? 
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26. The three factors that affect the strength of an Induced 
EMF are; 

strength of the f leld^ of 

relative motion; and the length of In the 

magnetic field. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



S3. 
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ANSWERS - TEST FRAME 26 

Magnetic - speed - wire 



IF AMY OF YOUR ANSWERS ARE INCORRECT . 60 BACK TO FRAME 23 AND 
TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU ■ 
TAKE THE PROGRESS CHECK AnD ANSWER ALL THE QUESTIONS CORRECTLY, 
GO ON TO THE NEXT LESSONl IF NOT, STUDY ANY METHOD OF INSTRUC- 
TION YOU WISH UNTIL YOU -CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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-SUMMARY 
LESSON 111 



Electromagnetic Induction 



Electromaanetic Induction Is the action which causes electron displace 
ment In a conductor when lines of force move through It. The lines of 
force moving with respect to electrons within the wire push the elec- 
trons In a direction we can determine by use of the Left-Hand Rule for 
Generators ^ To position your hand for this rule hold your left hand I 
front of you with the thumb pointing up, the forefinger (index finger) 
pointing to your right, and the middle finger pointing straight toward 
your chest. The three directions should be at right angles to each 
other* Keeping your hand In this position, point the thumb In the 



direction of the conductor's motion through a magnetic field, the fore 
finger In the direction of the magnetic flux lines, and your middle 
finger will Indicate the direction of electron movement In the wire* 
The amount of EMF produced by this electron displacement Is determined 
by three conditions* These are; 

K The strength of the magnetic field. A stronger field produces 
more EMF* 

2* The relative motion between the conductor and the magnetic 

field* Faster motion generates more EMF* 
3# The length of the wire In the magnetic field* More wire being 

cut by the lines of force will produce a greater EMF. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QyESTlONS COR- 
RECTLY, GO TO THE NEXT LESSON* IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. ^ 
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OVERVIEW 
LESSON IV 

Generating AC Voltage 

In this lesson you will study and learn about the following: 

-generation of alternating voltage 
-amount of EHF 

•* 

-graphing AC 

"frequency 

-(nore AC quantities 

Each of the above topics wilt be discussed In the order listed 
As' you proceed through this lesson, observe and follow directions 
carefully^ 

.BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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■ LIST OF STUDY RESOURCES 

LESSON IV 

Generating AC Voltage 

To tearn the material tn this lesson, you have the option of choosing 
according to your experience and your preferences, any or all of the 
foUowIng; 

STUDY BODKLET: 

Lesson Narrative ^ ^ 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIALS: 

NAVPERS d3400A-tb '^Baslc Electricity, Alternating Current.'' 
FundamentaTs^of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965. 

You may study whatever learning materials you feel are necessary to 
answer the questions In the Lesson Progress Check. All your answers 
must be correct before you can go to Lesson V. Remember your tnstruc 
tor is available at all times for any assistance you may need. 

YDU MAY NOW STUDY ANY DR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRAT1V2 
L£SSON tV 

Generating AC Voltage 

As you may already know» there are two different kinds of 
electricity* The electricity used In your car Is not the 
same as the kind used In your house* The car uses direct 
current^ the house uses alternating current* 

Direct current (DC) Is the type of electrlcl ty we have been 
d1scussi^g-so-far* DC! Is the movement of electrons In only 
one direction through the cl rcul t path* Batteries generate 
DC from chemical action^ and the associated SMF does not chan^ 
In polarity; a1so» the value usually Is constant* In other ' 
words* a DC voltage remains In the same direction and usually 
In value all the time* Recall the schematic symbol for a DC 
source Is: T^f-* ~^t'^ 

Alternating current (AC) moves first In one direction* then 
the other* Magnetic-mechanical generators produce AC* and the 
associated SMF changes In polarity at Intervals ^nd changes In 
value constantly* Stated another way* an AC voltage Is always 
changing In value and periodically changes In polarity* The 
schematic symbol for an AC source Is a sine wave In a circle' 
as shewn: 

Generation of an Alternating Voltage 

You will recall that when an £MF Is generated by electro-mag- 
netic Induction* three directional quantities are present: 

1* Lines of force* directed from the N pole to the S pole 
2. Motion of the wire with respect to the magnetic field 

(relative motion) * 
3* Movement of the electrons within the wire* 

The left-hand rule for generators Indicates the directions of 
these values* Applying this rule to a straight wire moving In 
a magnetic field Is a simple task* but most generators use col 
or loops of wire* and the rule Is slightly more difficult to 
apply* The following drawing shows this nobre clearly* 

* 

In this drawing* the loop of wire Is rotating so that the part 
of the wire between A and B is moving downward through the mag 
netic field near the N pole of the magnet* Applying the left- 
hand rule to this part of the loop shows that electrons are 
moved from A toward B as shown by the arrow* This means the 
£MF must be positive (+) at A and negative (-) at B* 



(See drawing next page) 
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The section of the wire between C and D ls» at this same time* 
moving upward through the magnetic field by the S po|^* The 
left-hand rule used here shows that the electrons are pushed 
from C toward D» In the opposite direction to the current flow 
In section AB of the loop* The EMF Induced here Is positive (+) 
at C and negative (*) at D* both Induced voltages tend to move 
electrons around the loop In the same way* 

As the loop continues to rotate In th^magnetlc fields It will 
reach a point where the wires do not cut through the flux Itnes^ 
and no EMF will be Induced In the coIK 

This Is because the wires are moving parallel to the lines 
of force at this Instant and are not cutting through them* 

As the loop rotates farther^ the electrons start to move again* 
Checking their direction of motion with the left-hand rule shows 
that they are now moving from D to C and from B to A» directly 
opposite to thetr earlier direction In the wire* One-half turn 
after our starting? points^ the loop will be In this position: 



so 
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INDUCED 

POLARITIES 



A Is now the negative end of the loop and D the positive end* 
the exact opposite of the flrs^^ <;ituatIon. This reversal^^vof 
polarity Is the difference between AC and DC* 

As the loop continues to rotate* It cuts through flux lines 
until It reaches this position: A 



N 



7^ 



Here the motion of the wire Is again parallel to the direction 
of the flux lines and na EMF Is generated. 

As the loop keeps turning* It will return to Its starting po- 
sltton^ar i repeat this cycle of operation^ so long as some me- 
chanical force keeps It moving. 



Amount of EHF 

You have seen that the generated EHF Is zero at two points during 
each full revolution of the loop* and that EHF Is generated first 
in one direction then In the other as the loop makes a complete ' 
turn* This EMF will be maximum at the two points where the wire 
loop Is cutting through the flux lines at a right angle* This 
Is because the wire will cut more lines In a given Instant here 
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than tn any other position. The EMF then varies gradually from 
zero volts to maximum voltage twice In each revolution, once 
In one direction, once In the other. 



Graphing AC 

One way to see how much EMF Is generated at each moment Is to 
graph the voltage produced by the generator against time. This 
graph has the shape of a sine wave. In the first block, the 
loop Is shown In the zero voltage position. The time Is also 
shown as zero. In the second block, the loop has turned k^^ 
and the voltage has Increased as shown on the graph for Ttme 1, 
This time line shows that time has elapsed as the loop has turned, 



□ , 



TIME O 



N 



TIME 1 



Times 2, 3, and k show the voltage output at 90^, US'* and 180* 
of revolution. With each successive graph,, more time has elapsed 
as the loop turned. 




At 180^ the wires of the loop are again moving parallel to the 
lines of force, and no EMF Is generated. Further rotation of 
the loop causes electron motion to cowmence once more, but now 
the electrons move through the wire In the opposite direction, 
as Indicated on the graph by the plot of voltage appearing In 
the negative portion of the graph. The block for Time 5 shows 
the result of 225* of rotation, with more time lapsing. 
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In the three final blocks of our graph, the coll rotates back 
to Its beginning position and is now ready to repeat the cycle* 



n "■ 

I } TIMI 6 




AC Quantities ■ ' 

There are several names you need to know and use so that you'll 
be able to talk with others In your rating about AC. Cycle Is 
one of these words. One cycle of the sine wave represents a 
complete rotation of the l^op In the magnetic field as shown by 
the graph at Time 8. 



Frequency 



The frequency (f) of AC Is the number of c ycles per second* 
that ts* how many times each second the electrons complete their 
pattern of flow* In first one direction* then the other; Cycles 
per second Is usually called Hertz* abbreviated Hz* 

At the two zero points In a cycle* no EMF Is being generated^ 
and o current can f1ow# Since the lights In the room you are 
In operate from an AC supply* they actually flicker on and off 
twice during each cycle of the generator* The AC supplied Is 
60 Hertz and the flicker Is so fast (120 times per second) that 
your^eyes^annot detect It* 
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The frequency of the voltage from a generator depends, upon the 
Speed of rotation of the loop* The faster theMoop revolves, 
the (nore cycles each second, and the higher tlie frequency. 
A higher frequency can also be at^ined If additional pairs 
of magnetic poles are added to the generator. The following 
drawing Is 'of a four^pole generator with a graph showing its 
output. Oaly one side o\ the rotating loop Is shown, r 




In rotating from position, or time, zero through one complete mech- 
anical revolution/ the generator has produced two complete cycles. 

To sum up, frequency is affected by two factors: 

1. the speed of rotation of the wire coil. 

2. the number, of pairs of magnetic poles. 



More AC Quantities / 

Another word you will need to know Is alternation. An alter* 
nation \% eitl)er the positive or negative haff of a cycle. 




Vr,hls. is another .term you will often hear. This is the number 
Volts (or amps) at a given time. This is probably easiest 
to see on a graph. The aiRplltude of the graph is the distance 
from the, zero line to the sine wave at any point; for example, 
in the Illustration on the next page, the amplitude of this sine 
wave at ttmAzero Is zero; at time 3 msec. It is 5» and at 
time 27 msec> it is negative 10. 
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37 33 













What ts the amplitude of the 

sine wave at tirne 9l msec? At 

time 33 msec? \ 

: ^ 

ANSWER: tO; -5 



The value of vaU-ageSor current^ found at any given instant 
of time In a sine wave Is known as the Instantaneous value of 
voltage (or current), and ts symbolized by the lower case 
letters e_ for voltage and l_ for current. 

Some points of particular Importance on the sine wave are the 
maximum (peak) amp 11 tude (el the/ positive or negative) and the 
peak'to-peak amplitude . These are shown on the sine wave below. 



MAXIMUM (PEAK) 
POSITIVE AMPLITUDE 

MAXIMUM (PEAK) 
NEGATIVE AMPLITUDE 




PEAK TO PEAK 
AMPLITUDE 



ERIC 



AlthcHL^gh you will often need to know the maximum of peak-^to- 
peak values for* AC, the value most often given Is the effective 
(or.RNS) value. This value Is used because It Is directly com- 
parable to DC values* Ten volts of '^C wMl do exactly the same 
amount of work as 10 v^lt^s of effective AC. The effective value 
Is less than either the m^lmum or peak-to-peak values, as It 
ts an average of the work done throughout a cycle* If we were 
to determine the work done over one alternatlbn and average It, we 
could find the effective value^of that alternation, and because 
each alternation 

has the same shape, l-^r^ HAK 

thrs Is the effec- IWiCTIVf (70.7% Of PEAK) 

tlve value of the 
sine wave* 

Nearly all AC meters are calibrated In effective values so that 
the values used In AC will be consistent with the values In DC 
circuits. 

AT THfS POINT, YOU t^^Y TAKE THE PROGRESS CHECK, OR YOU KAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PR(nRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY HETHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
qyESTlONS CORRECTLY. 




Two-tV 



• PROGRAMMED INSTRUCTION 
LESSON IV 

Generating AC Voltage - 



TEST FRAMES ARE 8, 33, 63 and 92. AS BEFORE,' Gb FIRST TO TEST 
FRAME 8 AND SEE IF YOU . CAN ANSWER ALL THE QUEST IONS ;rHERE . FOL- - 
LOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 





Recall that direct curi4nt (DC) usually flXMS 
variable) rate and always In only ' 


at a (constant/ 
dt rection* 








(constant; one) 


2. 


DC Is produced by a cell through 


actFon* 






— ^ 

* ^ 








3. 


Since DC Is known as direct current^ you inay 
which alternates In Its flow would be called 


tnfer that current 
current* 



(alternating) 



1 V 



4* Alternating current (AC) is current which periodically changes 
- Its direction of flow. 

The a1 ternating In alternating current comets from the fact 
that AC of flow. 



(periodically reverses direction) 



5* As the AC reverses direction It must go through a maximum value of 
voltage to zero to maximum and back to zero. 

The magnitude of voltage Is: 



a. constant. 

b. fluctuating. 

c. direct. 

d. alter "^lng» 



(b. fluctuating and d> alternating) 
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6. AC ts coinmonty produced by converting mechantcaT energy to elec* 
trtca) energy by electromagnetic Induction. 

State the method used to produce AC. 



tElectromagnetlc Induction.) 



7- 



The component used to generate AC is known as a generator or 
alterna tor > The schematic symbol for an AC generator Is — 

Mechanical energy Is converted to electrical energy by electro- 
magnetic Induction In a/an represented schematically by 



talternator or generatoTI 



T 



8* Hatch the type of current to the appropriate descriptive phrases. 

1. electrons moving In only one a. Direct Current 

dl rectlon 

2* electrons always moving at a fluc- 
tuating rate 

3» electrons usually moving at a con- 
stant rate b. 

4» can be generated by chemical 

action 

5- generated by magnetic-mechanical 

action 

o 6. electrons reversing direction 



Alternating Current 



(THIS IS A TEST FRAME- COMPARE YOUR ANSWERS WITH THE CORRECT 
AMSWERS GIVEN AT THE TOP OF THE NEXT PAGeJ 
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9. 



ANSWERS - TEST FRAME 8 

1- a 

2- b 

3- a 
If-a 

5- b 

6- b 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO ON TO 
TEST FRAME 33.' -OTHERWISE, GO BACK TO FRAME 1 ANO TAKE THE 
PROGRAMMEO SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN. 



B 




Generators have two major parts; 

K A stator (non-rotatf ng part) 
2* A rotor (rotating part) 

A baslc^ single conductor generator looks like illustration A* ^ 
It can also be represented as In Illustration The circle at 
point C represents a rotating In a stationary mag- 
netic field* 



(conductor) 



10. 




Note the conductor rotation Indicated on the above illustration; 
as determined by the left-hand rule for generators^ the direction 

of conductor current flow is the page, 

into/ out of 



Unto) 



93 



98 



P.I. 
11. 



Two- IV 






0 


9'0 




2>0 


360 



Starting a graph of voltage vs. conductor position at the paint 
shown above ts stanuard practice. 

At zero degrfees, the path of the conductor Is parallel with 

the tines or force* Lines of force are cut. 

betng/not being 

In the Illustration, ts there an Induced current flowing 
. In the conductor? 



(not being; No)" 



12. 




— I — 

90 



iB6 



27 Ct 



By movIn9 to the 30^ position, as Indicated In the above 
figure, the conductor's path has become more nearly 

to the lines of force, 

paral lel/perpendlcular 



(perpendicular) 



^60 



9* 9.9 
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^ U» In frame 12, lines of force 

are/are not 
being generated* 



being cut 



and an EHF 



TiTT 



s not 



(are; \sT 



14. 




360 



path has become 

nearly perpendicular to the lines of force. 
2. From the 30** to the 60** position, the Induced EMF has 

* 

Increased/decreased/remained the same 



(K conductor; 2> Increased) 



15. 






0 


sb 


\b6 


270 


360 



At the 90^ position, the conductor is traveling perpendicular 
to the lines of force, and the induced EMF Is 



maximum 



(maximum)" 



the same/minimum/ 
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16» In frame IS, at the 90** position, ^the current In tKe 

conductor Is flowing ^ the page^ 

Into/out of 



Unto) 

I7» Maximum lines of force are being cut at the degree 

position of the conductor* 




Moving to the 120^ position, the conductor is at the same 
relative cutting angle as at the (>0^ position. Induced EMF 
at the 120"^ positron compared to that at the 90"^ position 

has • 

Increased/decreased/ remained the same 



(decreased) 



!9* In the above figure, at the 120^ position the conductor Is 
cutting fewer lines of force than at 90** because it Is more 

nearly ' to the magnetic flux. 

perpend I cular/paral lei 



(paral lelT 



^01 

96 





S 

Continuing to move the conductor in the same direction to the 

150* position, we find that lines of force 

are being cut. more/ less/the same 



(less) 



22. Refer to above drawing. At the 150^ position we find that the 

Induced EMF has , 

Increased/decreased/refnained the same 



(decreased) 
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9 




0 


9'0 


. 186 


2>0 



Now, let us move the conductor another 30* to the l80* 
position. The induced EMF at the 180* position is 



(zero) 



24* Refer to the above drawing. During the first 180*^ of rotation, 
maximum induced EMF was generated at the degree position. 



I90T 




Move the conductor another 30* to th^ 210* position as in- 
dicated* Again the conductor "is* starting to cut some lines 

of force* Induced EMF is In the 

polarity, increasing/decreasing 

same/opposite 



(Increasing * opposite) 
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26. With the relative position of the conductor at 210^, as In- 
dicated in the above figure, the current flow tn the conductor 
Is the page, 

tn to/out ^7" 



(out ofT 



27. 






0 


9b 




^^^io 270 


3*60 



j 

Continuing the* movement of the conductor through the magnetic 

field to the IkO"^ position, we find that 

magnetic lines of force are being cut. mo re/ less/same 



(mo re ) 



28. 






0 


9b 




270 


360 



Moving the conductor another SO*' to the 270* position, induced 
EHF becoffies equal but opposite In polarity to the EHF generated 
at the degree position. 



"W 
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29. During the second alternation, maximum induced EMF was achieved 
at the ' degree position. 



T270y 




During the rotation from the 270** to the 300* position, the 

Induced EMF has 

Increased/deci^eased/remalned the same 



(decreased) 




With movement of the conductor to the 330^ position, induced 

EMF will decrease, because ^ lines of force^are being 

cut- 



(fewer) 
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32. 



N 

Moving the conductor another 30"*, to ttie 360** position, we have 
completed one cycle* >Llst the posltlon(s) in one cycle where 
maximum Induced EMF Is generated. 




a* 



{a. 90"; b. 270") 



loe 

101 
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(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 33 



1. 
2. 
3. 

5. 



c 

a 
d 
b 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS. GO ON TO TEST 
FRAME 63. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 33 AGAIN. 




On ttie a^ove f'gure, lab^l the posttlon(s) where (naxlntun) In- 
duced EMR ts achieved by placing an upon your selection. 



and TO) 



3§. Up to this point in the program, we have used a stnfple conductor 
to demonstrate the development of Induced E^F. However, a single 
conductor that moves through a magnetic field Is not practical 
for producing a usable voltage, because the Induced voltage Is 
too . 
low/high 
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The action of a conductor cutting a magnetic field forms the 
basts of GENERATOR operation* For example^ here^s a simple 
AC generator consisting of a permanent magnet and a coll of 

' wire* When the coll the magnetic fleld> a 

Is Induced In the coIK 



(cuts ; voltageT 

37. 



Part A shows just the ends of the permanent magnet* Actually^ 
the magnet Is continuous^ as In part B. 

The permanent magnet provides the 

In which the coll rotates. 



(magnetic field) 




The black side of the coll Is moving down through the magnet|i 
field* The polarity of SI with respect to S2 Is positive* What 
Is the polarity of S2 with respect to SI? - . Current 

flows from the white side of the coIU out of %h through a load 
and back In SI . 




(negative! 
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When the coti Is In the position shov^n^ the stdes of the coM 

are moving to the lines of force* 

parallel/at right angles 

Therefore^ voltage Is Induced tn the coll* 

some/zero 




The black stde of the coll (s moving up through the magnetic 
field. Current flows from the black side of the loop> out of 
S through the load to the white side of the loop. 



110 
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Vfhen the coll Is tn the position shown, there Is no current 
flow through the load because the sides of the coll are (noving 

^ to the lines of force* Therefore, 

voltage Is induced In the cotl • 



(parallel - no) 




Part A shows the black side of the coM moving down* Current 
flows from B2, through a load, to BK Part B shows the black 
side moving up* Write the correct polarities tn the boxes 
next to B1 and B2* 



(81 ^ and B2 -) 



43* What would happen to the polarity If the direction of the 
coll rotation were reversed? 




(polarity would reverse) 
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44. On each Illustration Indicate polarity between the points listed. 
(+> -> no polarity) 




U A 


Is 


with 


respect 


to 


B. 


2. A 


Is 


wl th 


respect 


to B 


B 


Is 


with 


respect 


to 


A 


B 


IS 


— with 


respect 


to A 


C 


Is 


with 


respect 


to 


0 


C 


is 


with 


respect 


to D 


D 


Is 


with 


respect 


to 


C 


D 


Is 


with 


respect 


to A 



wl th respect to B 

wl th respect to A 

wl th respect to D 

wl th respect to A 





(1. a + 
b - 
c + 
d - 


2. a - 
b 

c - 
d + 


3. a No P 
b No P 
c No P 
d No P) 




In part A the black side of the coll Is moving down* tn B, 
It Is moving up through the magnetic field. Current flow 

through the coll Is In the ^ direction In A and B* 

same/opposite 




toppos I tcj 



— tie 

lo^ 
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In parts A and the sides of the coM are moving parallel 

to the magnetic field* Is a voltage being Induced? 

Why? 

[Ho* The conductor Is not passing throujdi the lines of force.) 

47* The circuit below shows an alternating voltage from an AC 
generator applied across an external circuit (marked load) * 
The current through the load follows the same shapd as the 
alternating voltage sine wave. Draw the sine wave for the 
current through the load In the space provided. 




GENERATOR 
VOLTAGE 




GEN. 



LOAD 



LOAD 
CURRENT 




48. Because the amplitude of the current varies continuously and 
reverses direction Just like the alternating voltage, the cur 
rent that flows In a circuit as a result of an alternating 
voltage Is called current. 



(alternatlngJ 
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49* Oraw a sine wave of alternating voltage In A below* In part 

draw a sine wave of alternating current* Include polarities 
In your drawings* 



AC VOLTAGE 



AC CURRENT 





50* 



When a col 1 rotates 
circle cal led 
The symbol for 



In a magnetic fleld^ It makes a complete 
tot fan > A circle consists of 3^0 degrees* 
degrees Is a smal 1 circle like tbis (*')* Thus 
360 degrees Is written as 3^0^* When a coll makes a complete 
c1rcle»^ It has gone through one or 



One complete revolution Is 3^0^* 
1/2 revolution? 



How many degrees are In 



trevolutlon; 360'; fgoT 



10^ 



ii4 
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5K The figure below shows a sine wave representative of the gen' 
erator output voltage. Write in the number of degrees the 
coil has rotated at each position (marked A through K) 

The sine wave represents ■ (how many) revolution(s) 
of the coll . The voltage reaches the highest positive value 
at degrees and a negative maximum value at 



degrees. 



■f- MAX 




















0 VOLTS 


/ 










f 




h 


* 

• 


o 


b 


C 




\ 










-MAX 






ft 


































(I revolution; 90"; 


210) 


0 


4S 


90 


t3S 


180 32S 27D 315 360 



+ MAX 



O VOtTS 



-MAX 




52. 



t REVOLUTION 



HOW MANY REVOLUTIONS? 





When a coti ts rotated tn a magnetic field, the voltage In- 
duced ts represented by a sine wfve. The sine wave tn Part 
A represents one revolution of the coll. How many revolutions 
does the sine wave In Part B represent? 



(two revolutions) 

"0 115 
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53. 




Assume that tt takes a cot 1 one second to make a complete re- 
volution. Part A shows the sine wave of voltage generated In 
one second. How many revolutions per second does the sine 
wave In Part B represent? 



(two revolutions per second) 




The sine wave In A represents two revolutions of the coll 
in one second* Ho^ many revolutions per second does the 
sine wave In B represent? . . 



(four revolutions per second j 



55. Hertz, abbreviated represents cycle per second* So If a 
coll makes four revolutions per second, then It has made four 



(cycles per second or Hert2) 

^ 

HI 116 



1 



P 1 TuiTh- f W 
r * 1 * 1 Wv I V 




56* Another way of saying that a coll makes 10 revoluttons tn one 
second Is that the coM makes 10 per 


* 




(cycles per second) 


57* If a coll completes five revolutions tn one second* how many 
cycles of voltage has It generated? 




(five) 


58* How many cycles of voltage doe,s a coH generate when It ' 
completes 60 revoluttons In one second? 





59* The number of complete cycles generated In one seconc( Is called 
the frequency of the generator* The word frequency Is used 
to tell how frequently the generator produces a voltage cycle* 
Frequency Is abbreviated f^« 

So If a cpti comptetes 15 revolutions per second, we say Its 
- Is 15 Hertz* 



(frequency) 






1 I 1*1 




^ — 


1 SECOND 


> 



The frequency of the sine wave tn Part A Is 

What Is the frequency of the sine wave In Part B7 



(2 Hertz; H Hertz) 



ERIC 
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61, A coil completes 30 revolutions In one second. If the speed of 
the colt Is doubted, what Is the frequency generated? 



160 Hertz) 

62, The number of cycles completed In one second Is called 



tf requency^ 



63. 





A 

-* 


J \J 

1 SECOND 


► 



h n n n A A 


■«* — 


1 SECOND 


^ 



fvwwm 



4 



1 SECOND 













*1 



Referring to the above figures.) What Is the frequency In each 
case? 



a. 
b. 
c. 
d. 



(this is a test t^RAME. COMPARE^OUR ANSWERS WITH THE CORREa 
ANSWERS GIVEN AT THE tOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 63 

a. 3 Hz 

b. 6 Hz 

c. 8 Hz 

d. 5 Hz 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 
92. OTHERWISE, GO BACK TO FRAME 34 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 63 AGAIN. 



64. 









^ 1 SECOND 


u 



The sine wave above has. a frequency of 2 Hz* This means that 
there are two complete cycles each second. How long does 
It take the coU to complete ju^t one cycle? - 



JUT 



dT 



secon 



65, 




The frequency of the sine wave above fs k cycles per second. 
How much time does tt take to complete one cycle? 



seconjy 



119 



Two-tV 



66* Tha time the coti takes to complete one cycle ts palled the 
per I od > What ts the period of the sine wave shown below? 




{\/2 second J 



67* The frequency of a sine wave is given tn Hert2 > The time of 
one cycle is called the • 



(per lodT 



68* The sine wave-below has a period of 1/2 second* How many cycles 
are there in^e second? What Is Its frequency? 




SICOND*W 
« 1 SECOND 




lis 120 



p. t. 
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^3- Th« dif ^rence between frequency and period Is that frequency 
means ^ and'perlod moans 



tnumber of cycles per second; the time of one cycle) 



70. The sine wave of voltage beloM Indicates that the voltage rises 
from 0 volts to a maximum value of +5 volts and then falls to 0 
volts again. This. rise and fall of voltage In a positive direction 
Is called the positive alternation of the sine wave. By the same 
token, the rise and fall of voltage In a negative directlonis called 
the " . 



VOLTS 



O VOLTS 



-S VOLTSh- — r 




POSITIVI 
ALTERNATION 




(negative alternation) 



71 



Here's the sine wave of voltage again. How, many degrees of ro- 
tation does the coll go through In the positive alternation? _ 
How many degrees are there In the negative alternation? 
How many alternatfons are there In one cycle? 
+S VOLTSl"**; 



■ S VOLTS 




O VOLTS ^B- 5^ 
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72. Kottce bettW.that voltage reaches Its maximum positive value 
at 90*. When does voltage reach Its maximum negative value? 




360° 



VOLTS 









(270*) 



73- Peak has the same meaning as max! mum . What Js the pe^k votr 
tage reached during the positive alternation of the sine wave 

below? ' What Is the peak voltage reached 

during the negative alternation? 

4S VOLTS - 



O VOLTS 



-S VOLTS 




(-i-S volts; -5 voltTJ" 
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The peak voltage of the positive alternation of the sine wave 

below Is volts. What Is the peak voltage of the 

negative alternation? 



+35 VOLTS 



O VOLTS 



~3S VOLTS 




(+25v: -25v} ~~ 

75. In a sine wave, the positive peak value and the negative peak 

value are always . 

aUke/different 



(alike) 



76. In the sine wave below, what Is the total voltage between the 
positive peak and the negative peak. (Disregard the polarities.) 



+ 100 VOLTS 



O VOLTS 



-JOO VOLTS 




(200 volts J 

(From +100 to 0 equaU 100 volts and 0 to -100 equals. 100 volts. Thus, 
- the total Is 200 volts.) 
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77. What Is the total voltage between the positive peak and the 
negative peak of the sine wave below? 



+50 VOITS 



O VOLTS 



-SO VOLTS 




UOO volts) 

78. The total voltage between the positive peak and the negative peak 
Is called the peak-to-peak voltage. Wh^t ts the peak-to-peak 
voltage of this sine wave? ■ 




UOO voltsJ~ 
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79. The peak-to-peak voltage of this sine wave Is 



+20 VOLTS 



O VOLTS 



-30 VOLTS 




(^0 voltsT 



80. Oraw a sine wave with a peak-to-peak voltage of 60 volts. Indi- 
cate which part of the sine wave Is the positive alternation and 
which part Is the negative alternation. Also lable the peak 
voltage. and Indicate where It Is on the sine wave. 



^30 VOLTS 



-30 VOLTS 



O VOLTS 




NEOATIVt 
AiTERNATION 



PEAK 
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8K Another term you will need to know ts Instantaneous value^ 
This Is the value of voltage or current at any Instant of 
ttm during a sine wave« 

VAiat Is the Instantaneous value of voltage 3 msec after the 
start of the sine wave? 

tOv— T?p^ 



5v 




(c) 10 V 



82* What would be the Instantaneous value of -current at a time of 
4 msec* 




(a) 0 a 



83* The magnitude of voltage In a sine wave found at any given 
Instant of time Is known as the ^ 



(Instantaneous value) 
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84. Lower case letters are used to syml>oUze the Instantaneous 
values of current or voltage. 

Select the symbols used to Indicate the Instantaneous values 
of voltage and current. 

*— ^* ^* * 
b. 1; I 

c. I; e 

d. e; I 



W e; 1 



85. Find e at 9 msec: 




12m sec 



86. Find t at 6 sec. 




0.5 a) 
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87* Now you'll apply what you've learned to some practical examples. 
The lamps In the circuits below require 5 amperes of current to 
light brightly. Circuit A Is a DC circuit In which a constant 
current of 5 amps flows. Circuit B Is an AC circuit tn which 
the pealc current Is 5 amps. In which circuit does the lamp light 
brighter? Why? 




5 AMPS 



AC GENERATOR 
@ •— *H 



(Circuit A because the 5 amps DC Is constant. 2 



88. To determine the worth or to tell hot*/ effective an alternating 
current or voltage Is» we compare the effect of the AC against 
the effect of DC. Nearly all AC meters are calibrated In ef- 
fective val ues so that the values In AC will be consistent with 
the values In DC circuits. For example^ If an alternating cur- 
rent^ produces as much heat as I amp of direct current » then» we 
say that the AC Is as as I amp DC. 



(effective) 



89. The effective va]ue » also called RMS va1ue» of an AC voltage 
or current has the same heating effect as an equal value of 
direct current. So If a peak current of 7 amps AC produces 
the same heating effect as 5 amps DC» then. 5 amps Is the 
vajue of 7 amps AC (peak value) . 



(effective) 



dD. A peak AC voltage of IDD volts produces the same heating effect 

In a load as 7D volts DC. Therefore, the value of 

the -AC voltage Is vol ts. 



^effective; 7D volts) 
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91. For aNstne wave, the ROOT MEAN SQUARE (RMS) or EFFECTIVE 
, VALUE Is 0.707 times the peak value. 

The RNS value ts computed as the square root of the average 
of the squares of the Instantaneous amplitudes for one 
complete cycle* 

Let's look at the effective (RNS) value of a sine wave 
which has a peak value of 100 V. 




Select the lettered arrow which shows the effective value 
of voltage. 
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92. Match the lettered parts of the graph to their appropriate 
terms . 





f 






— 1 

i 


\ 

1 

1 
1 






b ^ 






! 
• 


I 1 J 







t 

h 

1 



i * s i ne wave 

2» cycle (Hertz) 

3* aiternatton 

4* negative peak ampUtude 

5' itostttve peak amplitude 

6. zero EMF 

7* effective value (RMS) 

8. peak to peak amplitude 

9* period 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.# 
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ANSWERS - TEST FRAME $2 

1. d - 

2. f 

3. c 

4. e 

5. b 

6. a 

7. 9 

8. h 

9. " f 



If ANV OF yoUR ANSWERS IS INCORRECT . GO BACK TO FRAHE 6h AND TAKE 
THE PROGRAMMED SEQUENCE. 

IF yoUR ANSWERS ARE CORRECT, VOU HAV TAKE THE PROGRESS CHECK, OR 
you HAV STUDV ANV OF THE OTHER RESOURCES LISTED. IF VOU TAKE 
THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLV, GO ON 
TO THE NEXT LESSON. IF NOT, STUDV ANV METHOD OF INSTRUCTION VOU 
WISH UNTIL you CAN ANSWER ALL THE QUESTIONS CORRECTLV. 
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SUMKARY 
LESSON IV 

Generating AC Voltage 

The electricity you have studied 'so far has all been dl rect current 
(DC)* In K\ the movement of electrons Is always In one direction 
through the circuit ind usually the voltage remains constant* The 
EMF generated by batteries leads to DC-type current* 



Alternating Current (AC) Is a somewhat different form of electricity* 
AC moves first In one direction, then the other, and the associated 
EMF Is always changing In va I ue* ^Magnet I c^mechan I ca I generators, 
represented schematlcalTy^ M— > produce AC* You are now 
ready to study this 'method of developing an EMF* ' 

The left-hand rule for generators ts easily applied to a straight 
wire moving In a magnetic fleld^ but most generators use cot ts of 
wire and the rule Is a little more difficult to use* The two sides 
of a coll move through the magnetic flem of a generator In opposite 
directions as shown below, but the voltages developed In each side 
of the coll tend to produce current flow In the same direction 
through the wire* 




INDUCED 

POI^RITIES 

Imagine the number of magnetic tines of force being cut at various 
positions of the colt* As the coll rotates In the magnetic fletd, the 
output voltage will change -fn Valae and polarity as shown In the 
sketches on the following page* Because the waveform of the output 
varies as the sine of the angle of the loop's rotation. It Is called 
a sine wave* \ 
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TIME 0 



N 



-I 



TIMEl 



N 



TIME 2 





-I 



N 



N 



TIME 3 



TIlViE 4 



TIME 5 




N 



N 



TIME 6 



G 



TIME 7 



TIMES 



er|c 



The EMF Is zero when the wires of the coti move parallel to the lines 
of force^ for no relative motion exists between them here (Time 0^ 
Time 4, and Time 8)* The output Is maximum when the wires cut the 
greatest number of lines of force In a given Instant; Le*, when their 
motion Is perpendicular to the lines of force (Time 2 and Time 6)* 

One complete set of voltage variations from zero to maximum positive 
to zero to maximum negative and back to zero ts called bj cycle^ The 
frequency of any AC Is the number of cycl^ per second generated* The 
basic unit of frequency Is Hertz (Hz) and one Hz Is equal to one cycle 
pe r second (cps)* 

The factors which determine the frequency of a generator are: 
K The speed of rotation of the armature (coll of wire)* 
2. The number of pairs of magnetic poles In the generator* 
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Increasing elthar of thase wftl Increase the fraquancy of tha ganeratad 
AC. 



Some other 
your study 
waveform at 
waveform at 
of voltage 
voltage (e) 
wave (etthe 



characteristics of a sine wave wM^ be Important to you In 
and work with electrltlty. AmpI Itude or the value of the 
any Instant Is one of these quantities. The value of a 
any Instant of time Is known as the Instantaneous value 
or current and Is symbolized by lower case letter for 
and currant (l). The maximum or pe ak value of a sine 
r positive or negative) Is the greatest voltage (or current) 

present during a cycle, and the 
pealc-to-peak voltage Is the algebraic 
difference of the positive and 
negative peak values. You will 
probably use the effective (or RMS) 
value more often than any other, 
for It Is directly comparable to 
DC values. Ten volts of DC and 
to volts of effective AC can do the 
same amount of work. Nearly all 
AC meters are calibrated In effective 
values, and any AC quantity which 
Is stated without specifying the 
type of value Is given In effective 
values. 




This sketch of a/slne wave may clarify the values for you. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR SOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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BASIC ELECTRICITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM 




MODULE TWO 



LESSON V 
Uses of AC and DC 



Study Booklet 



Overview , Two-V 

OVERVIEW 4 
LESSON V 

Uses of AC and DC 

In this lesson you will study and learn about the following: 



-AC generators 
-uses of AC ^and DC 



Each of the above topfcs will be discussed' In the order listed* 
As you proceed through this lesson^ observe and follow directions 
careful ly» 



BEFORE YOU START THIS LESSON* PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE^ 



13G 
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LIST OF STUDY* RESOURCES 
LESSON V 

Uses of AC and DC 

To team the matertat In this lesson, you have the option of 
choosing, according to your experience and your preferences, any or 
all the of the following; 

STUDY BOOKLET: 

lesson Narrative ^ i 

PriDgrafnraed Instruction 
Lesson Summary 

ENRICHMENT HATERIAL: 

NAVPERS 93400A-1a '^Baslc Electricity^ Direct Current.;^ 

Fundamentals of Electronics ^ Bureau of Naval PersonneK 
Washington, D*C*: U* S* Government Printing Office, 1965* 

MAVPERS 93*00A-lb **BasIc Electricity, Alternating Current^* 
Fundamentals of Electronics ^ ^Bureau of Naval PersonneK, 
Washington, D*C*: U* Governntent Printing Office, 1965* 

MAVPERS 10086-A **BasIc Electricity.** Chapter 8. 

Fundamentals of Electronics . iMJreau of Naval PersonneK 
Washington, D.C.: U. S. Government Printing Office, 1965* 

AUDIO-VISUAL: 

Sound/Slide - '*AC « DC Generators** 
Remember, you may study all or any of these that you feel are necessary 
to answer all Progress Check questions correctly. Do not forget, that 
In one sense of the word, your Instructor Is a living resource, perhaps 
th« best. Call htn if you have any kind of a problem. 

you KAy NOW sTuoy any or ail of the resources listed above, you my 

TAKE tHE PROGRESS CHECK AT ANY TIME. 
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Uses of AC and DC 
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AC Generators 

* A machine that converts mechanical energy to electrical energy 
utilizing magnetism Is called a generator, and generators that 
produce AC are often called by the special name alternators * 
The simplest form of an alternator Is very much Uke the loop 
of wire you have seen rotating In a magnetic field. In fact^ 
the only chang|e needed to make It an alternator Is a practical 
way to connect the ENF produced to a circuit* 

These connections are usually made from the rotating part of 
the alternator (armature) to the stationary circuit* This Is 
done without twisting and breaking the wires by usp of 
slip rings and brushes* The slip rings are copper sleeves 
which rotate with the armature, and the brushes are. carbon 
blocks held against the slip rings to make a good electrical 
connection. The diagram below shows the parts of an alternator. 

ROTATING LOOP 
(ARMATURE) 



SLIP RINGS 




BRUSHES 

CIRCUIT — pons 

A generator can be designed to provide direct current Instead 
of alternating current* This Is accofi^llshed by using a 
commutator In place of the slip rings* The commutator reverses 
the armature connections to the external circuit each tflSie the 
polarity of the EHF changes^ and current then flows In the same 
direction In the e^cternal circuit all the time* A drawing of 
such a generator and a graph of Its output appears on next page* 
The output graph shows that both alternations are In the positive 
direction because the commutator reverses the loop connections 
to the circuit at the time the generators output Is zero. 
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Uses of AC and DC 

You probably wonder now why you should have to learn about two 
different kinds of current flow* The answer Is that both kinds 
are used very widely* You are probably most familiar with AC 
for It Is commonly used to supply homes and ships* It ts widely 
used because It can be transmitted over long distances more 
economically than DC and It Is more efficient for driving motors^ 

DC Is used when voltage fluctuations and direction changes 
cause trouble* Many circuits In radios^ television sets» 
phonographs^ and Instruments which use amplifiers will not work 
properly on AC* You know that your house current Is AC and your 
r^dio and TV operate when they are plugged Into your house 
current* How can these things be true? The secret Is that 
both the Yadlo and TV have power supplies which convert the 
AC from the wall socket Into DC for use Inside the set* 

You have finally found out what vour power supply dc^^s; all 
we have to do now Is find out how It does It* 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QjJESTIONS CORRECTLY, GO TO THE NEXT LESSON* IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QMESTIONS CORRECTLY* 

ERiC 13S 
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PROGRAMMED INSTRUCTION 
LESSON V 

Uses of AC and DC 

TEST FRAMES ARE 10 AND 27. AS BEFORE, GO FIRST TO TEST FRAMb 10 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME. 

1* Recall from the previous lesson that AC ts generated by a 



(generator or alternator)" 



2. The generator has two major parts: (1) a stator and (2) the 
arrriature. 

The part of the generator which does not move Is the: 

. a» armature* 

b* stator. 



(b) Stato" 



3* The armature In the generator consists of the rotating loop 
and Its frame. 

Select the arrow showing the armature, 
a 




IE 
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4. Let's continue and see what else makes up a generator. Some 
method must ha dva 1 1 ab l6 to makft u56 of th6 I rkduc6d EMF » 




Here's an Illustration of the basic AC generator again* Notice - 
that the ends of the coll are connected to two metal rings* 
These rt.ngs rotate with the colK They are called slip rings * 

SI Is the for the black side of the coll* 

Notice that the black side of the coll passes through S2 without 
touching It* S2 Is the for the white side* 



(slip ring; slip ring) 



5* The slip rings are firmly attached to the free ends of the 
rotating loop to provide a contact point from which to pickup 
the voltage developed. The sliding contact Is necessary to 
prevent the leads from tangling as the armature turns* 

That portion of the alternator which provides a pick-up point 
for the voltage developed In the loop Is the * 



(slip ring) 



6* Connected to the ends of the coll are two metal rings* called 

* When the coH rotates, the two metal rings 

also* 



^s1lp rings; rotate or move) 



ERIC 
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The figure shows two small blocks* called brushes , placed 
against the slip rings. The brushes are usual 1y made of carbon 

or graphite. The purpose of the and 

Is to connect the voltage generated In the to 

an external circuit. 



(slip rings; brushes; coiTT 



8. The brushes* which are normally made of ,^ carbon* press against 
the slip rings. They pick up the voltage from the slip ring 
and transfer It to a load in an external circuit* These brushes 
are stationary, they slide on the slip rings as the loop turns* 
The parts of the alternator which pick up the voltage and^pply. 
ft to the load are called the 



U rushes!" 




tf )^ ^li^i^ it do«« don't foot wi|i iti 



EMC 
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9. Here ts the basic AC generator. Label the parts In the boxes 
provided. 




lis 
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10* Match tha lattarad parts In the diagram to thefr appropriate 
names or functions* 




1. 


armature 


. 2. 


slip rings 


. 3. 


brushes 




rotating loop 


.5. 


creates Itnes-of-flux 


6. 


magnet 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 10 

K b 

2. d 

3»t c 

4. b 

5. a 
6* a 



)F ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS* YOU HAY GO ON 
TO TEST FRAME 27. IF NOT, GD BACK TO FRAME 1 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 10 AGAIN. 



II. There are two methods of refnovtng power froin a generator,, 
depending upon the type of generator (AC or DC). We have 
seen on the basic stngle^loop generator that, tn order to make 
use of the EMF Induced tn^ the rotating cot I, the two ends of 
the coll are connected to' two ^ 




(sHp rings) 

12. Each rtng ts continuous^ and ts Insulated from the shaft and 
from the other 



(slip rlnjy 
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13. 


The two carbon brushes*(X and Y tn the figure^ frame 11) 
which are connected to the load ^lamp) rest on the 


(slip rings) 




As the cot 1 ts rotated » the brushes make sliding contact 
with the , * cooiplettng the circuit at 




all times* 


Isl Ip ri ngs) 


15. 


• 

Alternating current Is described as current which periodically* 
reverses direction* The EHF Induced In a rotating coll Is/ , 
alternating* and through the use of slip rings* the output 
voltage Is also 

* 


(alternating) 


16. 


An AC voltage Is taken from an AC generator by the r;se of 

and 






(slip rings and brushes) 


17. 


STIp rings are used In ' generators* 


(AC) 
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18* Since the EMF Induced tn any rotating coll Is alternating, 
*s1lp rings cannot be used In a DC generator to conduct direct 
current from the coll to the external load* Instead, one split 
ring (or cotnmutator) Is substltQted for the two slip rings. 
As shewn In the figure below, each half of the split ring Is 
temporarily making contact with one side of the generator colK 
As shown^brush X Is positive with respect to brush Y* 



OIRICTION OF 
ROTATION 




OUTPUT 
VOLTAOI 



\ 





INSULATING 
MATIRIAL 



BASIC DC GENERATOR 



As the armatare turns so that brush X Is wiping the commutator 
section attached to the white side of the armature, what Is the 
polarity of brush X to brush Y7 



(positive) 



1!9* As you can see, as the armature rotates, brush X shifts from 
one side of the armature to the other side* This shift causes 

the output voltage to be of constant , and the 

shift Is accomplished by use of a ^ 



m tpolarl ty; commutatorT 
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20* A ^ is used to keen the outside circuit 

current flowing continuaOy In the seme direction In a DC 
generator* 



(commutator} 



21* Both AC and DC generators produce alternating current In 
thetr armature colls* By using a coimiutator » the output of 
a generator Is a voltage* 



(DC; DC) 



22* As we found earlier In this program* another name for an AC 
generator Is alternator* Slip rings are used In an 



talternator) 



2>; List the two methods of collecting CHF from a generator* 

along with the type of generator In which each method Is u^ed* 
(either order) 

are used In generators* 

RC75E" 

are used In generators* 

acTdc 



(cdmmutators - DC; slip rings - ACJ 



24* As you recall* direct current flows In one direction only* The 
type of current which reverses direction periodically Is called 
alternating current* 

Alternating current can be described as: 

a* current whfch flows In one direction only* 
b* current whfch flows In both directions at once* 
c* current which periodically reverses dlrect^n* 
d* current whld» never changes direction* 



ERLC 



U) currant which periodically reveyes^dlrectton 



144 



P-K \ Two-V 

25* Why go to all the trouble of having AC and DC? AC ts usually 

used, to transmit energy over great distances because the 

losses are tow* Low voltage DC transmission Is more ttkely 
to be used for: 

a, long distances. 
b> short distances* 



(b) short distanceT 



26* AC voltages can also b? increased or decreased In magnitude 
with very Itttte loss* This Is done In your power supply by 
the , transformer* 

State the' purpose of your power supply transformer* 



(To Increase pr decrease the voltage) 



27* WrUe» as appropriate* AC or DC In the space provided* 



a* Usually used for transmission over great distances^ 
with low loss of energy* 

b* The output generated does not vary In direction 
and magnitude* 

c* Generator has Its contact ring divided Into segments 
(conmutator) * . ' 

* 

d* Generator has slip rings which transmit EMF to 

the load. ^ 

Voltage may be Increased or decreased In value 
with a low loss of energy. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 2? 



a. 


AC 


b. 


DC 


c. 


DC 


d. 


AC 


e. 


AC 



IF ALL YOUR ANSWERS MATCH' TH£ CORRECT ANSWERS, YOU MAY GO ON 

TO FRAME 28. IF NOT, GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED ^ 

SEQUENCE BEFORE TAKING TEST FRAME 2? AGAIN. 



28. The use of DC ts Itmtted, especially around the home. About 
the only place It ts found ts tn a radto or television. But 
are not both the radto and televtston plugged tnto the AC 
outlets? They sure arel So how do they get DC power from an 
AC line? Very stmple. Remember your power supply? Inside 
your radto dnd television are power supplies very stmilar to 
the one you butlt. They contain especially designed circuits 
that convert AC tnto DC. The DC ts then supplied for the circuits 
requiring It. 

Power supplies convert to . 



(AC to DC) 



29. The primary purpose of the power supply Is to: 

a. step up voltage. 

b. .convert AC to DC. 

c. step down current flow. 



(b) convert. AC to DC . - 

(NOTE: White It Is true that voltages may be stepped up In a 
power .supply, this Is not the primary purpose.) 

fF YOU FEEL YdU UNDERSTAND THIS MATERIAL, YOU. MAY TAKE THE PROGRESS 
CHECK, OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO 
ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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LESSON V 



Uses of AC and DC 

An AC generator ts usually called an alternator » Indicating that Its 
output Is alternating current* The simple machine which produced 
the sine wave In the last lesson needs only a method for connecting 
Its output to a circuit without twisting and breaking the wires to 
be an alternator* This ts done by the use of brushes and slip rings 
as shown hf^et 



ROTATING LOOP 



SLIP RINGS 




BRUSHES 



CIRCUIT 



^The brushes are made of a soft material* often carbon^ and slide 
against the rotating slip rings to make the electrical connection 
from the alternator to the lamp. A variation of the slip rings 

.can be used to change the generatj^ AC to DC* This device 
(conmutator) keepr one brush connected to the positive end of 
the loop at all times* A commutator and Its output waveforms are 
shown below* Notice that the brushes are arranged so that the switch 
Is made when the output of the loop Is zero. 

(See next page) 
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The reason we must dea] wtth both AC and DC flow* ts that each one 
has certain very useful characteristics* AC Is more economical to 
transmit over long distances* and It' Is more efficient for driving 
motors* On the other hand* DC must be used In radios* TV S6ts» 
hl*fl*s» etc** for the voltage changes of AC would ruin their sound 
or picture* A power supply Is used In these sets which converts' 
AC to DC* Now you know what your power supply does; all you have to 
learn is how It does It* 



AT THIS POINT* YOO MAY TAKE THE LESSON PROGRESS CHECK* OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAHHED INSTRUCTION OR BOTH* 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY* GO TO THE NEXT LESSON* IF NOT* STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY* 
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. OVERVIEW 

LESSON VI 

Measurtng Vol tage 

In this lesson you wtit study and learn about the fotlowtng: 

-where voltage can be measured 
"the voltmeter 

-measuring voltage tn a circuit 
-measurtng voltage of cells In series 
-measurtng voltage of cells tn 
parallel 

-measurtng cells connected tn series 
opposition 

-measurtng cells connected tn series 
and In series opposition 

Each of the above topics wtll be discussed tn the order listed.- 
As you proceed through this lesson, observe and follow direction? 
carefully. 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUOY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUOY^ RESOURCES 
LESSON VI 

Measuring Voltage 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and your preferences, any or al] of the 
following: 

STUDY BOOKLET: 

Le&son. Narrative 
Prograimned Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93^iOOA-la "Baste Electricity, Direct Current." ' 
Fundamentals of Electronics. Bureau of Naval Personnel. 
Washington, D.C.: U..S. Government Printing Office, 1965. 

AUDIO-VISUAL: 

Sound/Slide - "The Voltmeter" 



YOU MAY NOW STUDY-ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. UPON COMPLETION OF THIS 
LESSON YOU SHOULD ASK YOUR INSTRUCTOR FOR THE MODULE TEST COVERING 
ALL THE LESSONS IN THIS BOOK{.ET. YOU MAY REVIEW PREVIOUS LESSONS 
IF YOU WISH. 
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NARPATIVE 
LESSON V 



Measuring Voltage 



Where Voltage Can Be Measured 

You learned earlier that voltage Is measured In units called 
volts t and that the alphabetic symbol for volt Is V^* Another 
' term you have come across ts difference of potential s Voltage 
can be measured only between points that have a difference of 
potentUt; one way for this to occur Is to have a difference In 
the electrical charge associated with the two points* This 
potential difference can exist In parts of a circuit where there 
ts an EMF generated (voltage rise) or where voltage Is being 
used (voltage drop)* 

Energy (the ability to do work) ts added to ^ circuit at the 
circuit !s source* that ts* battery* dry cell* or generator* 
Energy Is put to work tn the circuit by the load r light bulb* 
toaster, radlo^ etc* Load Is a general term for anything using 
energy In an electrical circuit* In a circuit using two dry cell 
and a lair^* voltage differences can be measured between (A)* the 
terminals of either cell* (8)* across both cells* or (C)* across 
the load* 




Voltage usually cannot be measured across a closed switch or be- 
tween two points connected by a wire because there Is almost no 
difference In the potential between these points* 

E1ec;trlcal energy Is usually neither added nor used between 
such points* 



The Voltmeter 

The device used to measure voltage Is called a voltmeter* 
Remember that the schematic syrQbol for an ammeter was a 



symbol Is almost the same thing* It Is a circle with the letter 



circle with an A In It { 




)* The voltmeter's schematic 



V Instde (-{ V 




The ammeter was connected In series with a circuit component 
so that It could measure the current through that component* 
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Because the voltmeter measures the difference In potential 
between two points^ tt ts connected between those points^ and 
the ctrcutt ts not opened to make this connection. Vfe say 
that the voltmeter is connected In parallel with the component 
across which we want to measure voltage* The diagram below 
shows a voltmeter connected across a light bulb to determine 
the voltage dropped by the tight bulb* 



Polarity must be observed In DC circuits; voltmeter probes must 
be Inserted In the voltmeter jacks with red probe in red jack 
and black probe In black jack* 

When you measure voltage there are several steps In making 
the reading* The method given here is to be used when measur* 
ing tow voltages (36 v or le$s) only * 



t* Hold the probes by the Insulated plastic handles only* 
Gripping any other part of the probe or wire may make 
yoij part of the circuit ^ not a comfortable or safe 
situation* 

2* Always be certain the meter can measure the voltage In 
the circuit* If the voltage Is too high for the meter, 
tt wtit damage, possibly destroy, the meter* 
,3* I^C voltmeters are polarity sensitive just tike DC 

ammeters* Connecting one In reverse may bend Its pointer 
or jam the meter. Always connect the negative (black 
or probe to the point nearest the negative side ^f 
the source and the positive (red or +) probe to the 
pPint nearest the positive terminal of the source* 
Kead the voltage on the face of the meter* 

5» Remove probes from the circuit* 

Earlier in the moduWj you learned that if cells are connected In 
different ways, different voltages will result* Now you can prove 
this to yourself by taking actual measurements. 



Measuring Voltage of Cetis In Series 



1* Get a voltmeter from the resources center* 

2* Connect three l-I/2-volt cells In series. 

3» Touch the positive h^eter probe to the positive terminal of 
the cell which has no wire connected to it* 
Touch the rvegatlve meter probe to the negative terminal of 
the cell which has no wire connected to It* 

5* What does the voltmeter Indicate? 

You should get an indication of approximately Vl/2 volts, proving 
that voltages of cells connected tt> series are additive. 
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Measuring 



Voltage of Cells In Parallel 



Two-V( 



K Connect three 1-1/2-volt cells I n parallel as indi cated by 
the schematic represeatatlon* ^ X * J^^~ 

T T -r 

2* Touch negative meter probe to the neE^atlve terminal of 
any eel 1 * 

3* Touch positive meter probe to the positive terminal of 
any eel K 

What Is the meter Indication? 



The meter Indicates approximately l-t/2 volts proving that cells 
connected In parallel have the same output voltage as one cell* 

Measuring Voltage of Cells Connected In Series Opposition 

1* Connect two 1-1/2-vott cells In series opposition as the 
schematic representation Indicates* | I 

2* Touch negative probe of meter to the positive terminal of 
either eel K 

3* Touch positive probe of meter to the positive terminal of 
the other cell • ^ 
What ts the meter Indication? 



The meter Indicates 0 volts, proving that when cells are connected 
In series opposition^ the voltages are subtractlve* 



Measuring Voltage of Cells Connected In Series Aiding 
and In Series Opposing 

K Connect two 1-1/2-vott cells In series aiding and a third 
V-l/2-volt cell In series opposition to the first two* 



2* Touch negative meter probe to terminal b* 
3» Touch positive meter probe to terminal a* 
What does the voltmeter Indicate? 



The meter Indication Is 1-1/2 volts* This Is explainable 
because you connected two cells In series providing 3 volts 
between them* Then by connecting another celt In series 
opposition, you have cancelled 1-t/2 volts of the 3 volts* 
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Now let's take measurements in a circuit* 
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Measuring Voltages in a Circuit 



Using PB 0-U two dry ce11s» and connecting wlres» set up a 
circuit as show by the schematic diagram* 



r 

T 



CELL 1 



CELL 3 



DS1 



Using your voltmeter and test leads » ^measure voltage In the 
circuit as follows: 

U Connect red positive probe to T8* (Touch only red plastic 

sleeve of the probe*) 
2* Connect black negative probe to TK 
3, a* Record voltage between T8 - tV* 

b* Measure and record voltage between - T2* 

c* Measure the difference In. potential between T8 and the 

negative terminal of cell 2* 
d* What Is the voltage between the negative terminal of 

cell 2 and T17 

e* CJose switch* , 

Read and record voltage between T2 - T7» * 

fs It a voltage rise or a voltage drop? 
f. With switch closed^ what Is the difference In potential 

between ^7 ' T87 ' 
g* Are the cells tn this circuit connected in series or 

para 1 lei? 



Check your answers with those on the next page* 



Answers: 



Recall that meter readings are approximate because tolerances 
must be considered* 
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a* 


3 V . 


b. 


3 V 


c. 


1-1/2 V 


d. 


J-1/2 V 


e. 


3 V drop 


f. 


0 


9- 


series 



NOW YOU KAY EITHER TAKE THE PROGRESS CHECK OR YOU KAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL THE QUESTIONS CORRECTLY. YOU HAVE KASTERED THE MATERIAL 
AND ARE READY TO TAKE THE MODULE TESyT, SEE YOUR INSTRUCTOR. 



IF YOU DECtDE^NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY, THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 
TEST. 
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PaOGRAKHED INSTRUCTION 
LESSON VI . 

Measuring Voltage 



TEST FRAMES ARE 5> 13> 15> AND 18. AS BEFORE, GO FIRST TO TEST 
FRAME 5 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW 
THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



I. Recall that the units of potential difference are 
Woi ts) 



2. The alphabetical SYnd>o1 for a volt fs: 



a. a 

b. 0 

c. V 

d. E 



in: 



3* To measure voltage^ a difference of potential nnjst exist. 

Which letters Indicate where a difference of potential exists? 



rf 



aftb 
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4* tn « complete electrical circuity a difference of potential 
can occur only: 

1* at the terminals of a source* 
2* at the terminals of a load* 

Circle the letters th^t Indicate where a difference of potential 
can occur* _ ^ 




(a and c7 



5. Indicate the point or points where a potential difference exists. 

O 





Cm IS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH "fflE CORRECT 
ANSWERS GJVEN AT THE TOP OF TWE NEXT PAGE.) 
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ANSWERS - TEST FRAME S 
a» b» c» d» e» and f 



)F ALL YOUR ANSWERS MATCtfTHE CORRECT ANSWERS » YOU MAY GO ON TO 
TEST FRjWE 13. OTHERWISE > GO BACK TO FRAME 1 AND TAKE THE PRO^ 
GRAMMED SEQUENCE BEFORE XAK^G TEST FRAME 5 AGAIN* 



6. Which of the following meters would be, used to measure voltage? 

a. ammeter li 

. b. voltmeter 
c. ohmmeter 



Cb) voltmeter 



7. The symbol for the voltmeter Is a circle with a v^ Inside It* 
Draw the symbol for a voltmeter. ^ 



8. A voltmeter^ unlike the ammeter^ must be hooked across (In 
parallel to) the difference In potential to measure voltage* 

Which voltmeter Is correctly Installed* ^ 




r 




159 



i63 



P.I. Two-VI 

9* Draw a schematic diagram for a simple circuit (ce11» conductor^ 
lamp* and switch) with a voltmeter measuring source voltage* 
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P.l. Two-VI 
11. The voltmeter like the anmeter is polarity sensitive. 




Which schematic shcwsr; the voltmeter Installed correctly? 
b 



I 




12* Several precautions and steps must be taken when measuring voltage* 
They are: 

K Hold probes by Insulated plastic handles only* 

2* Ensure meter has the range to measure the voltage expected 

In the circuit* 
3* Ensure correct polarity* 
4* Read voltage from meter* 
5* Remove probes from circuit* 

Fill In the blanks: 

1* Hold probes by Insulated only* 

2* Ensure meter has the to measure the voltage expected 

In the circuit* 

3» Ensure correct * 

4* voltage from meter* 

5» Remove from circuit* 



rn plastic handles; T. range; 3^^ polarity; read; 
S* j&robesj ^ ^ 
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13. Write the steps and precautions used to measure voltage. 

1. ' 



2. 
3. 

5. 



(THIS IS A TEST FRAME. COHPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME )3 

1. Hold prob«5 by Insulated pTastfc handles only* 

2* Ensure ^eter has the range to measure the voltage 
expected fn the cfrcuft* 

3. Ensure correct poTarfty. 

Read voltage from meter. 

5- Remove probes from cfrcuft* 



IF AiL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON 
TO TEST FRAME 15- OTHERWISE, GO BACK TO FRAME 6 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 AGAIN. 

ff you have not done the Narrative, turn to page 152 of thfs fesson and 
perform the measurements Jn the following; 

-^Measuring Voltage of Cells fn Serfes - Page 153 

^Measuring Voltage of Cells fn Parallel - Page 15^^ 

*Medsurfng Voftage of Cells Connected fn Serfes Opposftfon ^ Page 15^^ 

-Measurfng Voltage of Cells Connected fn Serfes Afding and fn 

. Series Opposition - Page 15^^ 

-Measurfng Voltages fn a Cfrcult ^ Page 155 

After you have performed these measurements, go to frame 14. 



\k. Take the power supply you built In Module Zero and a voltmeter. 
Measure and record the voltage between the switch and T6 (across 
the famp). 



(5 to 8 vofts) 
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15. Buttd a simple circuit according to the schematic below. 



Measure and record the following voltages: 

a, at the source. 

b. across the load. 

c. across open switch. 

d. across straight wire between points B and F 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THf NE)Cr PAGE.) 
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ANSWERS - TEST FRAME 15 
Ov 

d. Ov 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 

TEST FRAME 18. OTHERWISE GO BACK TO FRAME 1^ AND TAKE THE PROGRAMMED 

SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN. 



16. tn frame 15, you read 0 volts between points B and F because there 



a. a difference of potential. 

b. a vol tage drop. 

no difference In potential, 
d. a voltage rise. 



(c) no difference tn potential 



17' Since there was no current flow and therefore no voltage drop 

In the circuit, source voltage was present across the open switch. 

With no current flow there can be: 



no voltage drop; and c. no difference In potential across 
the load) 



18. Check the statement that Is correct. 

a. Voltage registers across a closed switch because of a 

vol tage drop. 

b. Voltage registers across a closed switch because of a 

rise In potent lal . 
c. Voltage registers across a toad because of a voltage 

drop. 



ITHIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 



was: 



a. no vol tage ri se. 

b. no voltage drop. 

c. no difference in potential across the load, 
d* a difference In potential across the load. 
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ANSWER - TEST FRAME 18 

c. Voltage registers across a load because of a 
voltage drop. 



IF YOUR ANSWER IS INCORRECT, GO BACK TO FRAME 16 AND TAKE THE 
PROGRAMMED SEQUENCE, 

IF .YOUR ANSWER IS CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
you MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE 
THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU 
HAVE MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE 
TEST. SEE YOUR INSTRUCTOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR 
IF YOU HISSED ONE OR MORE QUESTIONS, STUDY ANY .METHOD OF 
INSTRUCTION YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS 
CHECK QUESTIONS CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK 
TO TAKE THE MODULE TEST. 



In this frame sequence you learned (l) the steps for voltage 
measurement and u) how to use a simple voltmeter. 
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SUMMARY 
LESSON VI 



Measuring Vol tage 



Voltage can be measured only across points between which there 
Is a difference of potential; the usual way for this to happen 
Is for the two points to have different amounts of electrical 
charge associated with them* This condition exists In pari.s of 
a circuit where there Is an EMF generated (voltage rise) or energy 
loss (vol tage drop) * 

Energy Is put Into a circuit at Its source and used by the load. 



for example, the light bulb, toaster, radio, etc* ''Voltage can be 
measured between the ends of a source or a'load, but It usually 
cannot be measured between the ends of a piece of wire connect- 
ing these parts because usually there Is almost no voltage rise 
or drop through a conductor* 

The device used to measure voltage Is called a vol tmeter * Its 



between two points when you want to know their potential differ- 
ence* Unlike current measurement, the circuit does not have 
to be broken to measure voltage* The steps In using a voltmeter 
for low (30v or less) voltages are: 

I* Hold the probes by the Insulated portions only* 
2* Be certain the voltage Is not higher than the meter can 
measure* 

3* Observe polarity when measuring DC voltages* 

4* Read the voltage and remove the probes from the circuit* 

If you feel you need more Information about measuring voltage* 
continue studying lesson VI; If not, perform the experiment 
Measuring Voltages at the end of the Narrative for this lesson* 



NOW YOU MAY TAKE THE PROGRESS CHECK OR STUDY ANY OTHER OF THE 
RESOURCES LISTED* IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL 
THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY 
TO TAKE THE MODULE TEST* SEE YOUR INSTRUCTOR* ^ 

(F YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THJS TIHE, OR IF 
YOU MISSED ONE OR MORE qjUESTtONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY* THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 
TEST* 




, and It Is always connected 
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